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PREFACE. 



The formulae of D'Aroy, Kutter and 
Bazin are gradually, but surely, being 
adopted instead of the old formulas of 
D'Aubisson, De Prony, Downing, &c. 

The former formulas, however, though 
admitted to *be more accurate, are also, 
as a rule, more complicated in form, and 
more troublesome and tedious in their 
application, than most of the old formulae 
in use. In these days, when numerous 
works on Sewerage, Water Supply, Irri- 
gation, <fcc, are being constructed in this 
country, and in fact all over the civilized 
world, hydraulic formulae are, perhaps, 
in more general use by Engineers than 
at any former time, and therefore, any 
ready method which combines rapidity 
with accuracy in the application of the 
new formulae will, very likely, tend to 
their more general use than at present. 
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It is believed that this combination of 
rapidity with accuracy can be gained by 
the proper use of the tables in this book; 
and Hydraulic Engineers, who make it a 
practice to use the formulae of D'Arcy, 
Kutter and Bazin, and to whom a saving 
of time and tedious computation is an 
object, will find the tables of material 
help in the solution of problems relating 
to the flow of water in open and closed 
channels. 
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FLOW OF WATER IN OPEN CHANNELS, 

FIFES, 8 E WEILS, CONDUITS, &C. 



In the following formulae let — 

V = velocity in feet per second. 

Q = discharge in cubic feet per second. 

C = coefficient of mean velocity. 

S = fall of water surface (h) 9 in any dis- 
tance (l) 9 divided by that distance 

= -j = sine of slope. 

a = area of cross-section of pipe, conduit 
or open channel in square feet. 

p = wetted perimeter of pipe, conduit or 
open channel in lineal feet. 

r = hydraulic mean depth in feet = area 
of cross-section of pipe, conduit or 
open channel in square feet (a) 
divided by its wetted perimeter in 

lineal ft. r= — 

P 



ness. 

The plan on which the tables a 
icted will be briefly stated he 
ir use will be more fully ex] 
ther on. 

3hezy's general form of formula 
ity is— 

V = c */f^= c /y/JT x \ZT 

refore 

?he factors on the right hand i 
equations are tabulated, cyC 
/^" for diameters usually adop 
ctice. and */~7 for 98fi si ones. 
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number representing ^/~J opposite the 
given slope. The product of these two 
numbers will give the required velocity. 
Again, given the slope and velocity in feet 
per second to find the diameter. From 
the equation 

we have 

Look out the value of yT" correspond- 
ing to the given slope and divide the ve- 
locity by it. The quotient will be the 
value of C\/?\ -^ n tne column of cy^T 
look out the nearest number to the value 
of cy/^ so found, and opposite to it in the 
same line will be the diameter required* 
At the same time the area and hydraulic 
mean depth can be found on the same 
line and the discharge can be found by 
looking out the value of acy^T and divid- 
ing it by y^T In fact by inspection of the 
tables and the multiplication or division 
of two numbers, problems can be rapidly 
and accurately solved, which, by the use 
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of any one of the formulae, would be a 
tedious and troublesome operation. When 
the value of c*/f~or ac y^T is found, the 
diameter can -at once be found by inspec- 
tion on the same line. 

When the slope and velocity are given 
and the diameter is required it is not 
found directly. The value of C/y/7 is first 
computed by formula (9) and in the same 
line with this value in the tables will be 
found the required diameter. In a similar 
way the slope and discharge being given 
and the diameter required. The value 
of acy/^ is first computed by formula (14) 
and in the same line with this value in 
the tables will be found the required 
diameter. 

The columns of c^/^~ and ac\/^~ can be 
used to compare velocities and discharges 
of pipes with equal slopes, and this can 
be done even when the channels have dif- 
ferent degrees of roughness and different 
diameters. 

For instance, a pipe say of 3 feet 
diameter has a discharge of 20 cubic 
feet per second by D'Arcy's formula, 
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and it is required to find the diameter 
of a pipe of similar material which shall 
discharge 30 cubic feet per second, that 
is an increase of 50 per cent., the slope 
being the same in both pipes. Find in 
Table 1 the value of ac<\/~^ opposite 3 
feet diameter and it is =: 686.76, and this 
increased by 50 per cent. = 1030.14 = 
the value of ac^J ^ corresponding to the 
required diameter. By inspection of Table 
1 tbe nearest value of ac^J r greater than 
this is found to be 1072.6 opposite a 
diameter of 3 feet 7 inches, which is 
the required diameter. In a similar man- 
ner velocities can be compared by the 
use of the column giving the values of 

For feet measures D'Arcy's formula is 




rs 



Vwv/wv.... . .00000162 

00007726 H 




and from this we have 

a / * .00000162\V S /oX 

S= ( .00007726 H ) — (2) 

v t I r 
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In order to simplify, substitute for r in 
feet the diameter d in inches , and we have 

S = (.00007726 + -00000162X48X48^ 
\ d ) d 

.-. S - ( .00370848 d + .00373248]-^- 

As the change will not materially affect 
the result, Mr. J. B. Francis, C. E., sim- 
plifies this into the form 

S=.0037l(tf+l)P (3) 

• V-J S <*° I* W 

1.00371(^+1)) 

In order, however, to further simplify 
the equation into the Chezy form of for- 
mula, which is the form required for the 
preparation and use of the tables adopted 
by the writer and given in this book, 
let equation (3) be transformed into 
one with the diameter d in feet and it 
becomes 



S = .00371 



(l2d+l \ 



V a 



144 d* 



1. 005 



144 d 2 S _ ) £ 



00371 (12 tf+1) ) 
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but d a = 1 C r*= 1 6r X r=4 dxr substitute 
this value for d* in the last equation, and 

v= ( 144X4 ^XrxS [j- 
1 .00371 (12 d+1) J 

therefore, for feet measures D'Arcy's for- 
mula for velocity is simplified into 

and putting the first factor on the right- 
hand side of the equation = c, we have 

V = c yrszzzic V r X y$ 

Kutter's formula for feet measure is 

[-^ „ , 1.811 , .00281 _ 
1+ K"t-)t? j 

and putting the first factor on the right- 
hand side of the equation = cwe have 

Bazin's formula for open channels of 
the second category and applicable to 
channels with an even lining of cut stone, 
brickwork, or materials with surfaces of 
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equal roughness, exposed to the flow of 
water, is: 

Y=\ 1--0000133( 4354+ I)xv77 (7) 

and putting the first factor under the 
radical sign, in the right hand side of the 
•equation = c we have : 

V=cy / 7Xv / l (8) 



Now 
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s=a=y 

Q=a V=ac\/r"X V7 

Q 

.'. a=- 

v 

r- Q 



Vs 



r- Q 

V S — 7=- 



10) 

11) 

12) 
13) 

14) 

15) 

16) 
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By the use of the tables of factors as 
applied to the solution of these formulae 
all the information relative to pipes, such 
as velocity, slope, diameter, etc., can be 
obtained. 

In that admirable and useful work, 
" Moles worth's Pocket Book of Engineer- 
ing Formulae," a modified form of Kut- 
ter's formula for pipe discharge is given 
in which the value of 

C=_ {11) 

X+ .026 (41.6 + ^!1) 

For facility of reference I will call this 
formula Moles worth's Kutter (17). 

No mention is made by Molesworth of 

the value of n, that is as to whether the 

formula is intended to apply to pipes 

having a rough or a smooth inner surface. 

An investigation will, however, show that 

his formula is accurately applicable to 

only one diameter, that is, to a diameter of 

one foot and with the value of ?i=.013. 

n 
The value of the term — -=. in formula 

vr 
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(6) is given by Molesworth in formula (17) 
as a constant quantity, and = .026, where- 
as, in fact, it is a variable quantity, its 
value — with the same value of n — chang- 
ing with every change in the hydraulic 
mean radius or diameter of pipe. 

Now, assuming the value of n taken by 
Molesworth to be = .013 and substituting 
this value for n in Kutter's formula (6) 
we have 

A „ , 1.811 , .00281 

~ ' .013 ' s 

vj — 



+(41. 



6 .00281 X.013 
181+*™ 



l + (il.6 + -^l)-™ 



o ( 18 ) 



but by Molesworth's Kutter (17) 



013 

==.026 



r=.25 
and d = 1 
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If we substitute in formula (18) for 
y~^i ts value 0.5, we have: 

181 + :°° 281 



s 



/ . .00281 \ 
1 -f .026U1.6-{ — 1 

which is Molesworth's Kutter (17). 

It is therefore apparent that, no matter 
what the value of n may be, Molesworth's 
Kutter (17) does not give the same results 
as Kutter's formula (6), as it gives a con- 
stant coefficient of velocity c for all diam- 
eters having the same slope and the same 
value of n. 

Kutter's formula (6) has certain pecu- 
liarities which are wanting in Molesworth's 
Kutter, and an investigation will show 
that Molesworth's differs materially from 
Kutter's formula (6), and that its applica- 
tion, except to one diameter, is sure to 
lead to serious error. I will briefly ex- 
plain : 

1. By Kutter's formula (6) the value 
of c, or the velocity, changes with every 
change in the value of r, s> or n, and 
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with the same slope and the same value 
of ?i, the value of c increases with the 
increase of r, that is with the increase in 
diameter. It is on this variability of its 
coefficient to suit the different changes 
of slope, diameter and lining of channel 
that the accuracy of Kutter's formula de- 
pends. By Molesworth's Kutter a change 
in the diameter, other things remaining 
the same, does not affect the value of c. 
With the same slope the value of c is 
constant for all diameters. 

As an instance with a slope of 1 in 
1,000: 





G inches 


20 feet 




diameter. 


diameter. 




c = 


c — 


By Kutter's formula (6). 


69.5 


146.0 


"Molesworth's Kutter(17) 


85.3 


85 3 




It will thus be seen that the value of 

I' <d by Kutter's formula (6), when a=.001, 

has a large range, from 69.5 to 146.0, 



19 



showing an increase of 111 per cent, from 
a diameter of 6 inches to a diameter of 20 
feet. 

It will be further found that Moles- 
worth's formula gives the value of c, and 
therefore the value of the velocity and dis- 
charge, too high for diameters less than 
one foot, and too low for diameters above 
one foot, and the more the diameter differs 
from one foot the greater is the error. In 
these respects it follows the errors of the 
old formulae. 

2. According to Kutter's formula (6) 
the value of c increases with the increase 
of slope for all diameters whose hydraulic 
mean depth is less than 3.281 feet — one 
metre — and with a hydraulic mean depth 
greater than 3.281 feet, an increase of 
slope gives a diminution in the value of 

The small table, herewith given, shows 
this : 



■U-Ul/UGX 1/ 



iter's formula c = 



uu.u 



137.7 



20 feet diai 



lesworth's Kutter c = 
iter's formula c = . 




t will thus be seen that by K 
nula (6). when r = 3 feet, that i 
n 3.281 feet, an increase in the 
n 1 in l.nnn +^ i ;~ /«n 
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feet, an increase in the slope from 1 
in 1,000 to 1 in 40 causes a greater pro- 
portional increase in the coefficient than 
Kutter gives, and when r=5 feet the 
value of the coefficient does not diminish 
with the increase of slope, but on the con- 
trary, it increases with the increase in 
slope, and its value is the same as when 
r=S feet. 

3. By Kutter's formula (6), when the 
hydraulic mean depth is equal to 3.281 
feet, one metre, the value of c is constant 

1 811 

for all slopes, and is=- , which in this 

r n 

case= ' =139.31. 
.013 

Let r= 3.281 feet, and therefore, vV— 

V 3.281 = 1.811, substitute this value in 

Kutter's formula (6), and we have 

^ „ , 1.811. . 00.281 

41. oH 

n 

• c = 



.00281\ n 



HW^k 



811 



A 1 - 811 J 1- 

and .'. c= and when w=.0l3 

n 

C =139.31. 
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T!u* » nae only instance, I believe, 
*raere Kutter** formula '.6» gives a con- 
stant ^H.*nlfcrient with, a change of slope. 
Bv 5Cote*wvrtiTs K utter U7», on the con- 
srur** the **tue of c chausres with everv 
oian^e of slope wheu r= 3.281. 

t< :» evtdeut that Molesworth's Kutter 
w*s adopted in order to simplify the ap- 
plication of Kutter s formula «.6"i, but its 
sM&putScauoii is of no practical use as it 
£uv$ wry inaccurate results. 

As shown above, with the exception of 
iw application to one diameter, the formula 
ts no* Kuner % s* although in appearance 
Kariu^r a resemblance to it. 

However* a modification of Kutter's 
formula oan be made, simpler in form 
than even Molesworth % s Kutter U7), and 
living results near enough for all practi- 
cal purposes to l hose obtained by the use 
of the more complicated Kutter formula 

\*\ 

The value of «• in Kutters formula (6), 
whh a wlope o( I in 1,000, and ?r— .013, is 
fhuw oxprcNHcd, 
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.. fi , 1.811 . .00281 

41.6H TTZT^Z -f- 



C = 



.013 



.001 






183.72 



, * aa ai - 013 
1+44.41 X -7= 



(19) 



The following table will show the value 
of the coefficient c for several slopes and 
diameters, according to formulae (17), (6), 
and (19): 



6 inch diameter, slope 1 in 

40 

6 inch diameter, slope 1 in 

1,000 

4 feet diameter, slope 1 in 

400 

4 feet diameter, slope 1 in 

1.000 

8 feet diameter, slope 1 in 

700..... 

8 feet diameter, slope 1 in 

2,600 



Molesworth 
Kutter (17) 


Kutter's 
formula (6) 


c= 


c= 


86.9 


71.5 


85.3 


69.5 


87.2 


117.0 


85.3 


116.5 


85.8 


130.5 


82.9 


129.8 



a 

rH 

•S3 
3 



O 
C= 



69.5 
69.5 
116.5 
116.5 
130.5 
130.5 
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This table shows the close agreement 
of formula (19) with Kutter's formula 
(6), and it also shows the inaccurate re- 
sults obtained by the use of Molesworth's 
Kutter. 

The first column of this table shows that 
a formula with a constant value of c =85, 
that is : 

■V= 85 v^ 

will give results differing in an extreme 
case only 2j per cent, from , Molesworth's 
Kutter, and in the greater number of cases 
differing only about one per cent. 

The second column of the table shows 
the wide range of the coefficient c by Kut- 
ter's formula (6) from 69.5 to 130.5 to suit 
the different changes in the hydraulic 
mean depth and slope. 

The objection to the old formula? was 
that they gave velocities too high for small 
pipes and channels, and too low for large 
pipes and channels. The following table 
will show that the same inaccurate results 
are obtained by the use of Molesworth's 
Kutter (17): 
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Velocity in feet per 
second by 



6 inch diameter, slope 1 in 

40 

6 inches diameter, slope 1 

in 1,000 

4 feet diameter, slope 1 in 

400 

4 feet diameter, slope 1 in 

1,000 

8 feet diameter, slope 1 in 

700 

8 feet diameter, slope 1 in 

2,600 



.4 


• 


* ^ 


«0 


r& 




CQ <s_^ 


0) 


0> 

i— i 


:g 


o 





S 


W 


4.86 


4.00 


0.95 


0.78 


4.36 


5.85 


2.70 


3.68 


4.59 


6.97 


2.30 


3.60 



o 





a 

o 



3.89 
0.78 
5.83 
3.68 
6.97 
3.62 



This table shows that there is a wide 
difference between the velocities obtained 
by Moles worth's Kutter (17) and Kutter'a 
formula (6), and it further shows that for 
the slopes usually adopted in practice for 
pipes, sewers, conduits, etc., that is for 
slopes not flatter than 2 feet per mile, 
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or 1 in 2640, formula (19) will give ve- 
locities that for all practical purposes 
may be considered as almost identical 
with the velocities obtained by Kutter's 
formula (6). 

The tables of factors cVr and acvr of 
Kutter in this work are computed by for- 
mulae (19) and the table just given, and 
also the tables (10) and (11) show how 
small is the difference in velocity found by 
the tables of factors and by formula (6). 
The difference is generally less than one 
per cent., and it seldom reaches 3 per cent. 
Further illustrations of the close agreement 
of these two formulae will be found further 
on. 

Mr. L. D'A. Jackson, C. E., in his " Hy- 
draulic Manual," and Mr. R. Hering, C.E., 
in a paper read before the Am. Soc. C. E., 
in 1878, extend the range of materials to 
which the different values of n adopted by 
Kutter apply. 

A table of the value of n for different 
materials compiled from Kutter, Jackson 
and Hering, is herewith given, and this 
value of n 9 applies also, in each instance, 
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to the surfaces of other material equally 
rough. 

n=.009 well planed timber, in perfect or- 
der and alignment; otherwise per- 
haps .010 would be suitable. 

/i=.0l0 plaster in pure cement; planed 
timber; glazed, coated or enam- 
eled stoneware and iron pipes; 
glazed surfaces of every sort in 
perfect order. 

n =.011 plaster in cement with one-third 
sand in good condition ; also for 
iron, cement, and terra cotta 
pipes, well jointed, and in best 
order. 

n=.0l2 unplaned timber when perfect- 
ly continuous on the inside. 
Flumes. 

w=.013 ashlar and well-laid brickwork; 
ordinary metal ; earthen and stone- 
ware pipe, in good condition but 
not new; cement and terra cotta 
pipe, not well jointed, nor in 
perfect order; plaster and planed 
wood in imperfect or inferior 
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condition ; and generally the ma- 
terials mentioned with n=.OlO 
when in imperfect or inferior 
condition. 

n=.0l5 second-class or rough-faced brick- 
work ; well-dressed stonework ; 
foul and slightly tuberculated 
iron ; cement and terra cotta pipes, 
with imperfect joints and in bad 
order, and canvas lining on wood- 
en frames. 

w=.0l7 brickwork, ashlar, and stoneware 
in an inferior condition; tuber- 
culated iron pipes; rubble in ce- 
ment or plaster in good order; 
fine gravel, well rammed, K to % 
inches diameter ; and generally 
the materials mentioned with 
n=.013 when in bad order and 
condition. 

tt=.020 rubble in cement in an inferior 
condition; coarse rubble rough- 
set in a normal condition ; coarse 
rubble set dry ; ruined brick- 
work and masonry; coarse gravel, 
well rammed, from 1 to IK 
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inch diameter ; canals with beds 
and banks of very firm, regular 
gravel, carefully trimmed and 
punned in defective places ; 
rough rubble with bed partially 
covered with silt and mud; 
rectangular wooden troughs with 
battens on the inside, two inches 
apart. 

rc=.0225 coarse dry set rubble in bad condi- 
tion. 

n=.025 suitable to rivers and canals with 
earthen beds in perfect order and 
regimen, and perfectly free from 
stones and weeds. 

7i=.030 suitable to rivers and canals with 
earthen beds in moderately good 
order and regimen, having stones 
• and weeds occasionally. 

w=.035 suitable for rivers and canals with 

earthen beds in bad order and 

regimen, and having stones and 

weeds in great quantities. 

The tables in this book are computed : 

1st. By D'Arcy's formula (5) for clean 

pipes flowing under full pressure. 
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2d. By Kutter's formula (19) for pipes, 
sewers, conduits, etc., flowing full and also 
for open channels with: 

n=.011 
n=.0l2 
n=z.0l3 and 

3d. By the second type of Bazin's form- 
ula (7) for open channels, applicable to 
channels with an even lining of cut stone, 
brickwork, and other materials with sur- 
faces of equal roughness. 

The accuracy of the results by Kutter's 
formula depends on the proper selection of 
the value of n for the surface of the mate- 
rial over which the water flows. 

With reference to the fixing of values 
of n to some materials Mr. Jackson, in his 
"" Hydraulic Manual," remarks: 

"A coefficient of roughness n = .010 
has been assumed as applicable to glazed 
or enameled pipes, and one of .013 for 
ordinary metal or earthenware or stone- 
ware pipes under ordinary conditions, 
but not new ; and there is every reason 
to believe that these assumptions are gener- 
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ally correct; if we compare the smooth- 
ness of surface of a glazed pipe with that 
of very smooth plaster in cement, and that 
of an ordinary pipe, in average condition, 
with that of ashlar or good brickwork; in 
addition to this, such few partial and lim- 
ited experimental data as are available, 
support the assumption." 

Again referring to the simplified form 
of Kutter's formula (19), if we call the 
numerator on the right hand side of the 
equation K, for any value of n, we have : 

K 

c= 



1+44.41+-^= 
V r 



and V= 




In the following table the value of K is 
given for the several values of n already 
referred to, except those for earthen 
channels. 
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71= 


K= 


n= 


K= 


.009 


245 . 63 ! 


.015 


165.14 


.010 


225.51 


.017 


150.94 


.011 


209.05 


.020 


134.96 


.012 


195.33 


.0225 


124.90 


.013 


183 . 72 







If, therefore, in the application of for- 
mula (20), within the limits of n, as given 
in the table, we substitute for n its value> 
and also the equivalent value of k, we 
have a simplified form of Kutter's for- 
mula (6). 

For instance, when n=.0ll, 
( 209.05 ] 

To further simplify formula (20) the 
value of |/^T for a large range of diame- 
ters will be found in Table 6. 

In Table 8 the coefficients of D'Arcy, 
and Kutter with n = .011 for smooth 
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pipes, are placed in parallel columns for 
the purpose of comparison. It will be 
seen that beginning with the small pipes 
D'Arcy's coefficients have, for the same 
diameter, a greater value than Kutter's, 
but that as the diameters increase, the 
value of the coefficients approach nearer 
to each other, until at 14 inches diameter 
they are equal. From this point as the 
diameters increase, Kutter's coefficients are 
the greater, the difference increasing with 
the increased diameter of pipes. For 
diameters greater than 10 feet D'Arcy's 
coefficient is almost constant. It increases 
very little more than 113.5 even for a di- 
ameter of 10 feet or more, but Kutter's 
coefficient continues to increase until such 
a diameter is reached as is never likely to 
be required in practice. 

Now, the experiments on which D'Arcy's 
formula is based were made on clean pipes, 
of the diameters usually adopted in prac- 
tice, flowing under pressure and under 
conditions somewhat similar to pipes in 
actual use, and therefore, as the experi- 
ments were conducted with great accur- 
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acy, the results are entitled to the confi- 
dence of engineers. D'Arcy's experiments 
did not, however, include pipes of a very 
large hydraulic mean radius. In one re- 
spect he differs from most of the modern 
authorities, inasmuch as the slope has no 
effect on the value of the coefficient of his 
formula. 

Mr. J. W. Adams, C. E., in Engineering 
News of March 10th, 1883, writes: 

" When the Loch Katrine Water Works 
for Glasgow were being extended some 
years since, a portion of the distance was 
carried over low grounds by a cast-iron 
trough 6 i feet deep, and 8 feet in width, 
supported on masonry piers, and giving 
good opportunity to determine the daily 
flow. By this and other means, it was 
found that the cast-iron pipes, 4 feet in 
diameter, which with a fall of 1 in 1056 
on the rest of the line, had been com- 
puted to carry 21,000,000 gallons, were 
really discharging daily 23,430,000 gal- 
lons. The engineer, Mr. Gale, brought 
the matter to Professor Rankine's atten- 
tion; who, in a paper and subsequent 
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discussion before the Institution of En- 
gineers of Scotland, March 17th, 1369, 
uses this language : ' It might be interest- 
ing to the Institution to. know that there 
was a formula which agreed exactly with 
the results of Mr. Gale's experiments. 
Suppose that before these four-feet pipes 
were laid, the probable discharge had 
been calculated by D'Arcy's formula, the 
result would have differed by one part 
in a thousand, from the actual discharge, 
which was 23,430,000 gallons daily. This 
went to show that they now possessed a gen- 
eral formula for the flow of water in pipes, 
and the resistance to that flow which 
applied to large as well as to small pipes* 
it applied to pipes of an inch in diameter, 
and from Mr. Gale's experiments they 
would see that it also applied to pipes four 
feet in diameter.' The Glasgow pipes 
had been coated with Dr. Smith's process, 
and were treated as clean pipes and cal- 
culated by the formula (for clean pipes). 
I think that D'Arcy's experiments, con- 
ducted as they were under circumstances 
which contributed in every way to inspire 
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confidence. Mr. Francis' labors in pre- 
senting this formula to us in an English 
dress, with the prestige growing out of 
his well-known capacity for careful in- 
vestigation and computation, and Profes- 
sor Rankine's indorsement of its applica- 
bility to all conditions of pipe discharge 
up to four feet diameter, must be con- 
sidered as establishing the practical value 
of this special formula for the flow through 
iron pipesP 

Further on it will be shown, when ex- 
plaining the use of the tables, that the 
velocity in the Loch Katrine pipes, found 
readily by the use of the tables, agrees ex- 
actly with the actual velocity, and also 
with the velocity by D'Arcy's formula. 

M. W. Humber, C. E., in his work on 
" Water Supply," states : 

" That which is known as D'Arcy's for- 
mula, in pipes of large diameter appears 
to approach in its results nearer to the 
actual discharge than any other, and it 
was the opinion of Professor Rankine, that 
the resistance decreases to a greater extent 
in pipes of larger diameter than has been 
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previously supposed. The experiments were 
made with, and the formula of D'Arcy de- 
duced from, pipes which had been long in 
use without offering any impediments from 
incrustation." 

Kutter's formula is derived not only 
from experiments made on channels with 
small hydraulic radius, but also on chan- 
nels with large hydraulic radius, and his 
coefficients for very large pipes are there- 
fore more likely to agree with the actual 
discharge than D'Arcy's constant coeffi- 
cient of 113.5 for very large pipes. But, 
again, Kutter's formula is open to the ob- 
jection that it is based on experiments 
made on open channels. I may here re- 
mark, although it is only remotely con- 
nected with pipe discharge, that Major 
Allan Cunningham states, as the result 
of his extensive experiments for four 
years on the Ganges Canal, that Kutter's 
formula alone, of all those tried by him, 
was found generally applicable to all con- 
ditions of discharge, and that it gave 
nearer results to the actual velocity than 
any of the other formulae tried by him. It 
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gave results with a difference from the 
actual velocity seldom exceeding 7,£ per 
cent., and usually much less than tha^. 
When we contrast the wi4© divergence of 
the old formulae under varying flow from 
the actual velocity, with the results ob- 
tained by Kutter's formula, it will be seen 
that the latter is .the most aocurate formula 
for channels with large hydraulic mean 
radius. 

In Tables 2, 3, and 4, the values of the 
factors of Kutter's formula are not given 
for diameters less than 5 inches. Mr. L. 
D'A. Jackson, C. E., in his Hydraulic 
Manual^ states : 

" For the present, and until further ex- 
periments have thrown more light on the 
subject, it may be assumed that the co- 
efficient of discharge for all full cylin- 
drical pipes, having a diameter less than 
0.4 feet, will be the same as those of tha£ 
diameter." 

Although Mr. Jackson's opinion is en- 
titled to great weight, still the facts #11 
tend to prove that the coefficients of diam- 
eters below 5 inches should diminish with 
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the diminution of diameter. The smaller 
the diameter the more effect will the 
roughness of the surface have in diminish- 
ing the discharge. Table 9 shows that 
Kutter's coefficient for 5 inches diameter 
with w=.011 is 82.9, and therefore, accord- 
ing to Mr. Jackson, all the diameters from 
5 inches to £ inch should have a coefficient 
of 82.9. This is contrary to the principle 
of Kutter's formula, the accuracy of which 
is due to the fact that, other things being 
equal, its coefficients vary with the di- 
ameter. The following proofs are given 
in support of the opinion that coefficients 
of diameters below 5 inches should di- 
minish according to the diminution of di- 
ameter. 

1. In Table 9 the coefficients of D'Arcy's 
formula are seen to diminish with the dim- 
inution of diameter. At 5 inches diameter 
the coefficient is 103.8, and at I inch di- 
ameter 59.4. 

2. In Table I) the coefficients of Fan- 
uing's formula diminish from 4 inches 
diameter with a coefficient of 103.4 to 
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one inch diameter with a coefftcient of 
80.4. 

These coefficients are derived from 
the mean velocities in clean pipes with 
a slope of 1 in 125 given in Fanning's 
tables. 

3. In Table 9 the coefficients, as found 
by Kutter's formula with a slope of 1 in 
1,000, and w=.011, are for 5 inches di- 
ameter, 82.9, and for H inch diameter, 
32.0. 

The facts, therefore, show that the co- 
efficients diminish from a diameter of 5 
inches to smaller diameters, and it is a 
safer plan to adopt coefficients varying 
with the diameter than a constant coeffi- 
cient. No opinion is advanced as to what 
coefficients should be used with Kutter's 
formula for small diameters. The facts 
are simply stated, giving the results of 
well-known authors. 

As the coefficients of D'Arcy's formula 
vary only with the diameter, the values of 
the factors c^/'r and ac^r, given in 
Table 1 for D'Arcy's formula are practi- 
cally the exact values for all diameters 
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and slopes given, and the results found 
by the use of the tables will be the same 
as the results* found by using the for- 
mula. 

In Tables 2, 3, and 4, the values of c^/r 
and ac^/r for Kutter's formula sometimes 
differ by a small quantity from the actual 
values as found by tlie use of formula (6). 
These values by Kutter's formula depend 
not only on r, but also on n and s, so that 
a change in any of these three quantities 
causes a change in the values of c^/r 
and ao^/r. It is found, however, that the 
slope of 1 in 1,000 will give coefficients 
which practically differ very little from the 
coefficients derived from the slopes usually 
given to lines of pipe. 

The values of the coefficients from Kut- 
ter's formula given in the tables have 
been computed for a slope of 1 in 1,000, 
and they give values of C/y/^"and ac^ 
near enough for practical work. 

I will here give another instance of the 
correctness of the tables. In a late report 
on the Sewerage of Washington, D. C, by 
Captain F. V. Greene, U. S. Engineers, a 
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table is given of the discharge of several 
egg-shaped and also two circular sewers 
of brickwork computed by Kutter's for- 
mula (6) with w=.013. 

The small table, now given, shows the 
discharge of the circular sewers as taken 
from Captain Greene's report, and also the 
discharge as computed by the tables iu 
this work. 
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10 feet diameter, slope 1 in 

100 

10 feet diameter, slope 1 in 

200 

10 feet diameter, slope 1 in 

300 

20 feet diameter, slope 1 in 

100 

20 feet diameter, slope 1 in 

200 

20 feet diameter, slope 1 in 

300 



Discharge in cubic 
feet per second. 




1673.66 
1183.28 
965.70 
10240.64 
7240.13 
5908.85 



©.9 u 



1670.90 
1181.49 
964.69 
10255.90 
7251.95 
5921.24 



The difference in discharge is so very 
small that the results as given by the rapid 
method of the tables may, for all practical 
purposes, be taken as identical to those 
given by the use of the troublesome and 
tedious formula (6). 
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Should the engineer, however, prefer to 
use formula (6), even then the tables will 
give a ready means of checking the com- 
putations. 

EXPLANATION AND USB OF THE TABLES. 

The velocity mentioned below means ve- 
locity in feet per second. The discharge 
mentioned below means the discharge in 
cubic feet per second. 

Example 1. What is the velocity and 
discharge by Kutter's formula of an iron 
pipe of 2 feet diameter, and with a fall of 
9 feet per mile, the value of n being as- 
sumed equal to .013. 

By formula (8) V=cy^Tx vT 

and by formula (12) Q=ac Vr X y/s 

In Table 7 look out the value of y^~ 
corresponding to a fall of 9 feet per mile, 
and it is found =.041286. Look out also 
in Table 4 the value of Cy/^Tand ac^/^T 
opposite a diameter of 2 feet, and they 
will be found to be respectively equal to 
71.49 and 224.63 — substituting the values 
so found in equations (8) and (12), and 
we have 
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V= 71.49 X .041286=:2.96 feet per 
second velocity. 

Q=224.63 X. 041286=9.27 c. feet per sec- 
ond discharge. 

If the velocity and discharge are found 
by Emitter's formula (6) it will be seen that 
a very great saving of work is effected by 
the use of the tables. 

Example 2. An open channel con- 
structed of brick masonry, rectangular 
in cross section, four feet wide on bot- 
tom and with vertical sides, carries two 
feet in depth of water and has a slope of 
1 in 160. What is its velocity and dis- 
charge by Bazin's formula for open chan- 
nels ? As the channel is of brickwork it 
comes under the head of the second type 
of Bazin's formula for open channels by 
which Table 6 is constructed. The hy- 
draulic mean depth r — 



area 



wetted perimeter 
= 7s = *• t 1 Table 5 we find that when 
r = 1 the value of c^/^~= 118.5. We 
also find in Table 7 that the ^^"corres- 
ponding to a slope of 1 in 160 = .079057, 
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substitute these values in formula (8) and 
V=118.5X. 079057 = 9.37 feet per second 
and Q=aV=8x 9.37 = 74.96 cubic feet per 
second. 

Example 3. An iron pipe one foot six 
inches in diameter, whose natural coeffi- 
cient of roughness is assumed =.011, is to 
have a velocity not to exceed 3 feet per 
second. What should its slope be by the 
use of Kutter's formula ? 

By formula (10) 

Find by inspection in Table 2 the value 
of c* /y/^T opposite 1 foot 6 inches. It is equal 
to 7.108. Substitute this value and also 
the given velocity in equation (11) and we 
have 

V7 =TO = - 042206 

Look out the nearest value of vV* this 
in Table 7, and it will be found to be 
.043519 opposite a slope of 10 feet per 
mile, which is the slope required. 

Example 4. A 3 feet 6 inch old iron 
>pipe whose natural coefficient is assumed 
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=.013 is to be replaced by & new pipe 
capable of discharging double that of the 
old pipe, the slope remaining unchanged. 
What is die diameter by Stutter's formula 
of the new pipe, its natural coefficient being 
assumed = .011. 

Find by inspection in Table 4 the value 
of ac^f^ opposite 3 feet 6 inches diameter. 
It is found equal to 1021.1. Then 1021.1 
X 2 = 2042. 2. As the value of n for the new 
pipe = .011, look out in Table 2 the value 
of acy^T nearest to 2042.2, and it is found 
to be 2072.7 opposite a diameter of 4 
feet 3 inches, which is the diameter re- 
quired. 

Look up the values of cy^T for each 
pipe, and it will be seen that the velocity 
in the new pipe is to that in the old as 
146:106. 

Example, 5. Find by Kutter's formula 
the slope of a flume, constructed of un- 
planed planks, 5 feet wide on bottom and 
with vertical sides 2£ feet high, in order 
that it may discharge 102 cubic feet per 
second. 



xii lamed when r=1.25, 
ing value of cv^T= 147.9 

Y= 9=M =8.16 ft 
a 12.o 

substitute these values of 
formula (10), and we have: 

-147.9 — °° 5] 
Now look out in Table 

value of as/~s t0 tn i 8 > an ^ W€ 
opposite a slope of 1 in 330. 
slope required. 

Example G. This example 
Weisbach's Mechanics of Er 

A system of pipes cons 
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feet in 600, and the other branch 1 loot 
in 200. What diameter should the pipes 
have? 

For the solution of this example table 
1, derived from D'Arcy's formula, will be 
used. 

The main is to discharge 39 cubic feet 
per minute, equal to 0.65 cubic feet per 
second with a slope of 1 in 250. One branch 
15 cubic feet per minute, equal to 0.25 
cubic feet per second, with a fall of 1 in 
200, and the other branch, 24 cubic feet per 
minute = 0.4 cubic feet per second, with a 
fall of 1 in 200. 

By inspection find in Table 7 the value of 
^/s nearest to 1 in 250 (21 feet per mile) 
and it is found to be = .063066, and also 
find the value of \/^~ nearest to 1 in 200 
(2G feet per mile). It is found = .070173. 
By formula (14). 

Q 



ac 



Vr = 



<^s 



.-. for main pipe ac^= 9^& = 10.307 
the nearest value of ac^~^ to this in Table 
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1 is 10.852, opposite which is the diameter, 
7 inches. 

In the same manner for the first branch, 

ac ^ = mm = 3M2 

and the nearest value of ac^/^ to this, in 
Table 1, is 4.561, corresponding to a di- 
ameter of 5 inches. 

For the second branch, 

_ 0.4 

and the nearest value of ac^/^ to this, in 
Table 1, is 7.3 opposite a diameter of 6 
inches. The required diameters are there- 
fore: for the main pipe 7 inches, for the 
first branch 5 inches, and for the second 
branch G inches. 

Although the explanation of this ex- 
ample, in the use of the tables may ap- 
pear somewhat long, still the actual work 
can be done very rapidly and with little 
trouble. If a comparison is made of the 
work required for the solution of this 
example, as given above by the tables, 
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with the work required for its solution 
by the method of approximation as given 
in Weisbach's Mechanics of Engineer- 
ing> from which the example is extracted, 
it will be seen that there is a great sav- 
ing of labor effected by the use of the 
tables. 

Example 7. Humber, in his work on 
Water Supply, states : 

" With a 48-inch cast-iron pipe in 
the Loch Katrine Water Works, having 
an inclination of 1 in 1056, or 5 feet per 
mile, the actual velocity was found to 
be 3.46 feet per second, and D'Arcy's 
formula gives practically the same re- 
sults." 

Let us now find the velocity in this pipe 
by the tables. A 48-inch pipe has a hy- 
draulic mean depth r of one foot. 

In Table 1, computed from D'Arcy's 
formula for clean pipes, we find the value 
of r = 1, and in the same line we find the 
value of cy^T= 112.6. 

We also find in Table 7 that a/J for a 
slope of 1 in 1056 = .030773. Subtsitute 
these values in the formula (8). 
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V = 112.6x030773=3.46 feet per second, 
being exactly the same as the actual velo- 
city, and also the same as the velocity 
found by the use of D'Arcy's formula. 

Example 8. Near the head of a small 
irrigation canal the supply of water is 
carried in a rock cutting 10 feet wide at 
bottom; 12 feet wide at surface of water; 
5 feet in depth and having a slope of 1 in 
880. 

The water supply carried in this cut- 
ting being insufficient it is determined to 
increase the supply, without, however, in- 
creasing the cross-sectional area of chan- 
nel or its slope. The bottom and sides of 
the rock cutting are very rough, and in 
order to give them a smoother surface and 
increase the discharge, it is determined to 
fill up all the hollows in them with mason- 
ry, and after this to lay on carefully a coat 
of cement plaster with one-third* sand, and 
to make the surfaces in contact with the 
water smooth and even. 

After the plastering is finished the 
dimensions of the channel will be: width 
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at bottom 9.8 feet : width at water surface 
11.8 feet: depth of water 4.9 feet and the 
slope as before, 1 in 880. 

It is assumed that a near approxima- 
tion to the value of n for the rock cutting* 
=.0225 and for the plastered channel 
n = .011. 

Find the increase in discharge in the 
plastered channel over that in the original 
channel. 

In the original channel 

r= » rea f =^UM*S8 

wetted perimeter 20.2 

For a slope of 1 in 880, Table 7 gives 
S=. 001136 N=.0225. 

Substitute these values of r, s and n in 
formula (6) and we have : 

A , n . 1.811 . .00281 



.0225 ' .001136 w /2?7228 



v= ::::: / v :r;: x 



.00281 \ .0225 \ X.oonae 






V2.72 
X.( 



\ .001136 / V2T7228 
.-. V= 4.327 feet per second. 

Now Q= Va=4.327 X 55=238 cubic feet 
per second. 
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In the plastered channel : 

r= area 52.92 _ g 

~~ wetted perimeter - 19.8 

In Table 2 with n = .011 there ift no 
value of r equal to 2.673, but the value of 
r immediately more than it, 2.687 has a 
value of c Vr = 264.0, and the value of r 
less than it, 2.625 has cy7 =260.2. From 
these when r = 2.673 the value of cy^ 
= 263.15. 

In Table 7 for a slope of 1 in 880 the 
value of ^/J = .03371. 

Substitute these values of r and s in for- 
mula (8), and 

V =<?vV x V7> an( i 
V= 203.15 X. 03371=8.87 feet per second, 
and 

Q=Va = 8.37 X 52.92 = 469.4 cubic feet 

per second. 

We here see the effect of a smooth 
surface in increasing the velocity and 
discharge of a channel. Although the 
cross- sectional area has been diminished^ 
still the effect of giving a smooth surface 
to the channel has been to more than 
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double its velocity and to almost double 
the discharge. The old formula would 
give almost the same velocity and dis- 
charge to the two channels, as these for- 
mulae do not take the surfaces exposed to 
the flow of water into account. 

Example 9. A canal with an earthen 
bed in moderately good order is to have 
a bottom width of 52 feet ; depth of 
water 6 feet ; side slopes 1J to 1, and a 
slope of one foot per mile. What is its 
velocity and discharge by Kutter's for- 
mula? 

The value of n for this channel may be 
assumed as equal to 0.3 The value of s 
for a fall of one foot per mile will be 
found in Table 7 =.00018939. 

area 366 . ._. 

y — — — ~~" 4: Vi 

wetted perimeter 73.64 
Substitute the above values of n, r and 
s in formula (6) and 

. 1.811 .00281 

v ^ '^~ .03 +.00018939 JXW? 

1 _L /41 g 1 .00281 \ .03 X \ .000318939 
\ ' .00018939 J y£cJ7 

.\ V=2.037 feet per second, and 
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Q=Va=2.037x366=745 cubic feet per 

second. 

Therefore the velocity=2 feet per second 
and the discharge 745 cubic feet per second. 

No. 67 of "Van Nostrand's Science 
Series," by the author, and entitled, "Hy- 
draulic Tables, based on Kutter's f ormula," 
contains an extensive table of slopes and 
y^"from 1 in 4 to 1 in 1,000, and also 
tables of factors for circular and egg- 
shaped brick sewers with n = .015. 
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Table 1. — Circular Pipes, Sewers, Con- 
duits, etc., flowing under pressure. 

D'Arcy's formula for clean pipes. 

Table giving the values of a and r, and 
also the values of the factors c^/JT and 
ac^~^ for use in the formulae. 

V=c\/r X V7 Q,=acVr X vV 

These factors are to be used only for 
clean pipes under pressure. 



e^di- 
ameter 


3 •** 

•h qj 


as ® -£ 


For ve- 


For dis- 


in 


arei 
iref 


I' 8 


locity 


charge 


ft. ins. 


II 2 


" a 


cV7. 


ac Vr. 


° % 


.00077 


.0078 


5.251 


.00403 


u H 


.00136 


.0104 


6.702 


.00914 


o •% 


.00307 


.0156 


9.309 


.02856 


1 


.00545 


.0208 


11.61 


.06334 


o \y A 


.00852 


.0260 


13.68 


.11659 


o iy 2 


.01227 


.0312 


15.58 


. 19115 


o iK 


.01670 


.0364 


17.32 


.28936 


2 


.02182 


.0417 


18.96 


.41357 


o 2% 


0.0341 


0.052 


21.94 


. 74786 


3 


0.0491 


0.063 


24.63 


1 . 2089 


4 


0.0873 


0.084 


29.37 


2.5630 


5 


0.136 


0.104 


33.54 


4 . 5610 


6 


0.196 


0.125 


37.28 


7.3068 
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Tabls l.-^-iyArcy's formula for clean pipes. 



ameter 

■ 


rea in 
e feet. 


iraulic 
depth 
feet. 


For ve- 
locity 


For dis- 
charge 




in 


\\ 8 


£|.a 


cVr. 


ac Vr. 


f. 


ins. 


« §T 


11 a 









7 


0.267 


0.146 


40.65 


10.852 





8 


0.349 


0.167 


48.75 


15 . 270 





9 


0.442 


0.187 


46.73 


20.662 





10 


0.645 


0.208 


49.45 


26.952 





11 


0.660 


0.229 


52.16 


34.428 







0.786 


0.250 


54.65 


42.918 




1 


0.922 


0.271 


57.00 


52.551 




2 


1.069 


0.292 


59.34 


63.435 




3 


1.227 


0.313 


61.56 


75.537 




4 


1.396 


0.333 


63.67 


88.886 




5 


1.576 


0.354 


66.77 


103.66 




6 


1.767 


0.375 


67.75 


119.72 




7 


1.969 


0.396 


69.74 


137.31 




8 


2.182 


0.417 


71.71 


156 . 46 




9 


2.405 


0.437 


73.46 


176.66 




10 


2.640 


0.458 


75.32 


198 83 




11 


2.885 


0.479 


77.05 


222.30 


2 





3.142 


0.600 


78.80 


247.57 


2 


1 


3.409 


0.521 


80.53 


274.53 


2 


2 


3.687 


0.542 


82.15 


302.90 


2 


3 


3.976 


0.562 


83.77 


333.07 


2 


4 


4.276 


0.583 


85.89 


365.14 


2 


5 


4.687 


0.604 


86.89 


398.57 


2 


6 


4.909 


0.625 


88.39 


433.92 


2 


7 


5.241 


0.646 


90.01 


471.73 


2 


8 


5.585 


0.667 


91.51 


511.10 


2 


9 


5.939 


0.687 


92.90 


651 . 72 
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Table 1. — D'Arcy's formula for clean pipes. 



^di- 
ameter 
in 

ft. ins. 


.a -& 

QD 


r=hydraulic 

mean depth 

in feet. 


For ve- 
locity 

cV7. 


For dis- 
charge 

ac Vr. 


2 


10 


6.305 


0.708 


94.40 


595 . 17 


2 


11 


6.681 


0.729 


95.78 


639 . 88 


3 





7.068 


0.750 


97.17 


686 . 76 


3 


1 


7.466 


0.771 


98.55 


735.75 


S 




7.875 


0.792 


99.93 


786.94 


3 


3 


8.295 


0.812 


101.2 


839.38 


3 


4 


8.726 


0.833 


102.6 


895.07 


3 


5 


9.169 


0.854 


103.8 


952.10 


S 


6 


9.621 


0.875 


105.1 


1011.2 


3 


7 


10.084 


0.896 


106.4 


1072 . 6 


S 


8 


10 . 559 


0.917 


107.6 


1136.5 


3 


9 


11 . 044 


0.937 


108.9 


1202 . 7 


3 


10 


11.541 


0.958 


110.2 


1271.4 


3 


11 


12 . 048 


0.979 


111.4 


1U2.4 


4 





12.566 


1.000 


112.6 


1414.7 


4 


1 


13 . 096 


1.021 


113.7 


1489.4 


4 


2 


13 . 635 


1.042 


115.0 


1567.8 


4 


3 


14.186 


1.062 


116.1 


1647.6 


4 


4 


14.748 


1.083 


117.3 


1729.8 


4 


5 


15.321 


1.104 


118.4 


1814.6 


4 


6 


15.904 


1.125 


119.6 


1901.9 


4 


7 


16.499 


1.146 


120.6 


1990.1 


4 


8 


17.104 


1.167 


121.8 


2082 . 6 


4 


9 


17.721 


1.187 


122.8 


2176.1 


4 


10 


18.348 


1.208 


124.0 


2274.1 


4 


11 


18.986 


1.229 


125.1 


2374.8 


5 





19.635 


1.250 


126.1 


2476.4 
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Table 1. — D'Arcy's formula for clean pipes. 



(^di- 
ameter 
in 

ft. ins. 



5 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
7 
7 
7 
7 
8 
8 
8 
8 

y 
9 

9 
9 



1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 

3 
6 
9 

3 
6 
9 

3 
6 
9 

3 
6 
9 




20.295 
20.966 
21.648 
22.340 
23.044 
23.758 
24.484 
25.220 
25 967 
26 . 725 
27.494 
28.274 
30.680 
33 . 183 
35 . 785 
38.485 
41 . 283 
44.179 
47.173 
50.266 
63.456 
56.745 
60.132 
63 . 617 
67 . 201 
70 . 882 
74.662 



draulio 
depth 
feet 


For ve- 


locity 


►»g ^ 




ill 


eVr. 


1.271 


127.2 


1.292 


128.8 


1.312 


129.8 


1.833 


130.4 


1.354 


131.4 


1.875 


132.4 


1.896 


133.4 


1.417 


134.4 


1.437 


135.4 


1.558 


136.4 


1.479 


137.4 


1.500 


138.4 


1.562 


141.8 


1.625 


144.1 


1.687 


146.9 


1.750 


149.6 


1.812 


152.2 


1.879 


154.9 


1.937 


157.5 


2.000 


160.0 


2.062 


162.5 


2.126 


165.0 


2.187 


167.4 


2.250 


169.8 


2.312 


172.2 


2.375 


174.5 


2.437 


176.8 



For dis- 
charge 

ae \r. 



2580.5 
2689.9 
2799.7 
2912.4 
3027.8 
8146.3 
8264.9 
3388.9 
3516.0 
3646.1 
8776.2 
8912.8 
4833.0 
4782.1 
5265.1 
5757.5 
6284.6 
6841.6 
7429.3 
8043.0 
8688.0 
9864.7 

10068. 

10804. 

11575. 

12370. 

13200. 
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Tabus 1. — D'Arcy's formula for clean pipes. 



(^di- 
ameter 
in 

ft. ins. 



10 
10 
10 
10 
11 
11 
11 
11 
12 
12 
12 
12 
13 
13 
13 
13 
14 
14 
15 
15 
16 
16 
17 
17 
18 
19 
20 




3 
6 
9 

3 
6 
9 

3 
6 
9 

3 
6 
9 

6 

6 

6 

6 






•+3 

© 
© 



3 E 1 

0D 



78.540 
82 . 516 
86.590 
90.763 
95.033 
99.402 
103.869 
108.434 
113.098 
117.859 
122.719 
127.677 
132.733 
137.887 
143.139 
148.490 
153.938 
165.130 
176.715 
188.692 
201.062 
213.825 
226.981 
240.529 
254.470 
283.529 
314.159 



ft- 


For ve- 


4*1 


locity 


hfl'" 






c Vr. 


2.500 


179.1 


2.562 


181.4 


2.625 


183.6 


2.687 


185.7 


2.750 


187.9 


2.812 


190.1 


2.875 


192.2 


2.937 


194.3 


3.000 


196.3 


3.062 


198.4 


3.125 


200.4 


3.187 


202.4 


3.250 


204.4 


3.312 


206.4 


3.375 


208.3 


3.437 


210.2 


3.500 


212.2 


3.625 


216.0 


3.750 


219.6 


8.875 


223.3 


4.000 


226.9 


4.125 


230.4 


4.250 


233.9 


4.375 


237.3 


4.500 


240.7 


4.750 


247.4 


5.000 


253.8 



For dis- 
charge 

ac Vr. 



14066. 
14967. 
15893. 
16856. 
17855. 
18892 . 
19966. 
21065 . 
22204. 
23379 . 
24598 . 
25840. 
27134. 
28456. 
29818. 
31219. 
32664. 
35660. 
38807. 
42125. 
45621 . 
49273 . 
53082. 
57074. 
61249. 
70154 . 
79736. 
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Table 2. — Circular Pipes, Sewers, Con- 
duits, etc., flowing full. Kutter's 
formula with n= .Oil- 
Table giving the values of a and r and also 
the values of the factors 0\/^ and 
ac^/7 for use in the formulae, 

Y=c X 'r X V7 Q=ac>y/r X V7 

These factors are to be used only where 
the value of n, that is the coefficient of 
roughness of lining of channel, =.011, as 
for surfaces earefuliy plastered with ce- 
ment with one-third sand in good condition, 
also for iron, cement and terra-cotta pipes, 
well jointed and in best order, and also 
surfaces of other material equally rough. 



^di- 
ameter 
in 

ft. ins. 



.a 

OB 



II S 
« ft 



=3 



3 



la 



© 



§.a 
a 











5 
6 

7 
8 
9 



0.136 
0.196 
0.267 
0.349 
0.442 



0.104 
0.125 
0.146 
0.167 
0.187 



For ve- 
locity 

eV7. 



For dis- 
charge 

ac\'7. 



26.76 
30.93 
34.94 
88.77 
49.40 



3.6398 
6.0627 
9.3294 
18.531 
18.749 
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Table 2.— Ratter's formula "with n=.011. 



^di- 


08 MH 
£ <D 


ydraulic 
n depth 
i feet 


For ve- 


For dis- 


ameter 
in 


locity 


charge 




II E 


fl*- a 


cVr. 


ac Vr. 


ft. ins. 


« sr 


« a 






10 


0.545 


0.208 


45.83 


24.976 


11 


0.660 


0.229 


49.46 


32 . 644 


1 


0.785 


0.250 


52 85 


41 . 487 


1 1 


0.922 


0.271 


55.95 


51.588 


1 2 


1.069 


0.292 


59.13 


63.2ia 


1 3 


1.227 


0.312 


62.22 


76.347 


1 4 


1.396 


0.333 


65.21 


91.037 


1 5 


1.576 


0.354 


68.26 


107.58 


1 6 


1.767 


0.375 


71.08 


125.60 


1 7 


1.969 


0.396 


73.90 


145.51 


1 8 


2.182 


0.417 


76. 7o 


167.50 


1 9 


2.405 


0.437 


79.33 


190 . 79 


1 10 


2.640 


0.458 


82.11 


216.76 


1 11 


2.885 


0.479 


84.75 


244 . 50 


2 


3.142 


0.500 


87.36 


274.5a 


2 1 


3.409 


0.521 


89.94 


306.60 


2 2 


3.687 


0.542 


92.38 


340.59 


2 3 


3.976 


0.562 


94.84 


377.07 


2 4 


4.276 


0.583 


97.33 


416.16 


2 5 


4.587 


0.604 


99.66 


457.13 


2 6 


4.909 


0.625 


102.0 


500.78 


2 7 


5.241 


0.646 


104.5 


547.92 


2 8 


5.585 


0.667 


106.8 


696 . 70 


2 9 


6.939 


0.687 


109.0 


647.18 


2 10 


6.305 


0.708 


111.3 


701.77 


2 11 


6.681 


0.729 


113.5 


758.16 


3 


7.068 


0.750 


115.7 


817.50 
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Ta£lb 2. — Kutter's formula With n=.OH. 



d=di- 
ameter 

• 


reain 
e f eet. 


dranlic 
depth 
feet 


For ve- 
locity 


For dis- 
charge 


in 


-» ^^j 


II g- a 


cV7. 


ac Vr[ 


ft. ins. 


« y 






3 1 


7.466 


0.771 


117.9 


880.03 


3 2 


7.875 


0.792 


120.1 


945 . 69 


3 3 


8.295 


0.812 


122.1 


1018.1 


3 4 


8.723 


0.833 


124.3 


1084.6 


3 5 


9.169 


0.854 


126.3 


1158.0 


3 6 


9.621 


0.875 


128.3 


1234.4 


3 7 


10.084 


0.896 


130.3 


1314.1 


3^ 8 


10.559 


0.917 


132.3 


1397.1 


3 9 


11.044 


0.937 


134.4 


1484.2 


3 10 


11.541 


0.958 


136.4 


1574.7 


3 11 


12.048 


0.979 


138.3 


1666.5 


4 


12.566 


1.000 


140.4 


1764.3 


4 1 


13.096 


1.021 


142.2 


1862.7 


4 2 


13 . 635 


1.042 


144.8 


1967.1 


4 3 


14 . 186 


1.062 


146.1 


2072.7 


4 4 


14.748 


1.083 


148 


2182.5 


4 5 


15.321 


1.104 


149.9 


2296.0 


4 6 


15.904 


1.125 


151.7 


2418.3 


4 7 


16.499 


1.146 


153.4 


2531.7 


4 8 


17 . 104 


1.167 


155.3 


2657 . 1 


4 9 


17 . 721 


1.187 


167.1 


2783.4 


4 10 


18.348 


1.208 


159.0 


2917.0 


4 11 


18 . 986 


1.229 


160.9 


8054.1 


5 


19.635 


1.250 


162.6 


3191.8 


5 1 


20.295 


1.271 


164.5 


3337.5 


5 2 


20.966 


1.292 


166.0 


3480.8 


5 3 


21 . 648 


1.312 


167.9 


3634.2 
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Table 2.— Ratter's formula 'with ra=.011. 



d=di- 
ameter 

• 


rea in 
e feet 


draulic 
depth 
Feet 


For Te- 
locity 


For dis- 
charge 


in 


C3 g 


bS ^ 










II 


■* £.9 


cVF. 


(wVr. 


ft. 


ins. 


« ST 






5 


4 


22.340 


1.333 


169.6 


3789.0 


5 


5 


23.044 


1.354 


171.3 


3944.4 


5 


6 


23.758 


1.875 


173.1 


4111.9 


5 


7 


24.484 


1.396 


174.6 


4275.4 


5 


8 


25.220 


1.417 


176.4 


4448.0 


5 


9 


25.967 


1.437 


178.1 


4625.2 


5 


10 


26 . 726 


1.458 


179.8 


4806.1 


5 


h 


27 . 494 


1.479 


181.4 


4986.1 


6 





28.274 


1.500 


183.1 


5176.3 


6 


3 


30.680 


1.562 


187.9 


5764. a 


6 


6 


33.183 


1.625 


192.7 


6394.9 


6 


9 


35.785 


1.687 


197.2 


7057.1 


7 





38.485 


1.750 


202.0 


7774. a 


7 


3 


41 . 288 


1.812 


206.5 


8522.9 


7 


6 


44.179 


1.875 


210.9 


9318.3 


7 


9 


47.173 


1.937 


215.4 


10162. 


8 





50.266 


2.000 


219.7 


11044. 


8 


3 


53.456 


2.062 


224.0 


11978. 


8 


6 


56 . 745 


2.125 


228.3 


12954. 


8 


9 


60.132 


2.187 


232.4 


13974. 


9 





63 . 617 


2.250 


236.6 


15049. 


9 


3 


67.201 


2.312 


240.7 


16173. 


9 


6 


7Q.882 


2.375 


244.6 


17338. 


9 


? 


74.662 


2.437 


248.6 


18558. 


10 





78 540 


2.500 


252.5 


19834. 


10 


3 


82.516 


2.562 


256.5 


21166. 


10 


6 


86.590 


2.625 


260.2 


22534. 
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Table 2.—Kutter , s formula -with n 


=.011. 


d=di- 


.a ® 


Hi 


For ve- 


For dis- 


ameter 
in 


08 «M 

II 1 


locity 
cVF. 


charge 


ft ins. 


* sr 


ii a 






10 9 


90.763 


2.687 


264.0 


23951 . 


11 


95 . 033 


2.750 


267.7 


25444. 


11 3 


99 . 402 


2.812 


271.6 


26987. 


11 6 


103 . 869 


2.875 


275.3 


28693. 


11 9 


108 . 434 


3.937 


278.8 


30235. 


12 


113.098 


3.000 


282.4 


31937. 


12 3 


117.859 


3.062 


286.0 


33702. 


12 6 


122.719 


2.125 


289.5 


35629. 


12 9 


127.677 


3.187 


292.9 


37399. 


13 


132 . 733 


3.250 


296.5 


39358. 


13 3 


137.887 


3.312 


299.9 


41352. 


13 6 


143.139 


3.375 


303.3 


43412. 


13 9 


148.490 


3.437 


306.7 


45543. 


14 


153.938 


3.500 


310 1 


47739. 


14 6 


165.130 


3.625 


316.8 


52308. 


15 


176 . 715 


3.750 


323.1 


67103. 


15 6 


188.692 


3.875 


329.6 


62186. 


16 


201.062 


4.000 


336.0 


67557. 


16 6 


213 . 825 


4.125 


342.2 


73176. 


17 


226.981 


4.250 


348.3 


79050. 


17 6 


240.529 


4.375 


354.3 


85229. 


18 


254 . 470 


4.500 


360.4 


91711 . 


19 


283.529 


4.750 


372.3 


105570. 


20 


314.159 


5.000 


383.8 


120570. 
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Table 3. — Circular Pipes, Sewers, Con- 
duits, etc., flowing full. Kutter's 
formula with w=.012. 

Table giving the values of a and r and also 
the values of the factors cVr" and 
ac^/7 for use in the formulae. 

These factors are to be used only where 
the value of w, that is the coefficient of 
roughness of lining of channel, =.012, as 
for unplaned timber when perfectly con- 
tinuous on the inside and also flumes. 



^di- 
ameter 
in 

ft ins. 










1 



5 
6 

7 
8 
9 
10 
11 




S £ 
QQ 


r=hydraulic 

mean depth 

in feet. 


For ve- 
locity 

eV7. 


0.136 


0.104 


23.70 


0.196 


0.125 


27.45 


0.267 


0.146 


31.05 


0.349 


0.167 


34.51 


0.442 


0.187 


37.80 


0.545 


0.208 


40.95 


0.666 


0.229 


44.22 


0.785 


0.250 


47.30 



For dis- 
charge 

ac Vr. 



3.2234 
5.3800 
8.2911 
12.042 
16.708 
22.317 
29.183 
37.149 
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Table 3.— Ratter's formula with »=.012. 



d=di- 
ameter 


.a "£ 


ydranlio 
q depth 
feet. 


For ve- 


For dis- 


in 


i § 


locity 


charge' 




11 1 


^ S.S 

nf- 9 


cVr. 


aeVr. 


ft. ins. 


e §T 






1 1 


0.922 


0.271 


50.11 


46.199 


1 2 


1.069 


0.292 


52.99 


66.G41 


1 3 


1.227 


0.812 


55.78 


GO. 445 


1 4 


1.396 


0.883 


58.50 


81.661 


1 5 


1.676 


0.354 


G1.26 


06.548 


1 6 


1.767 


0.375 


63.88 


112.79 


1 7 


1.969 


0.897 


(36.41 


180.76 


1 8 


2.182 


0.417 


GO. 03 


150.61 


1 9 


2.405 


0.437 


71.38 


171.66 


1 10 


2.640 


0.458 


73.92 


195.U 


1 11 


2.885 


0.479 


76.33 


220.21 


2 


3.142 


0.500 


78.72 


247.83 


2 1 


3.409 


0.521 


81.07 


276.38 


2 2 


8.687 


0.542 


83.29 


307.10 


2 3 


3.976 


0.562 


85.64 


340.10 


2 4 


4.276 


0.583 


87. 81 


875.46 


2 6 


4.587 


0.604 


89.94 


412.5* 


2 6 


4.909 


0.625 


92.09 


452.07 


2 7 


5.241 


0.646 


94.41 


494.78 


2 8 


5.585 


0.667 


96.52 


589.07 


2 9 


5.939 


0.687 


90.49 


584.90 


2 10 


6.305 


0.708 


100.6 


684.46 


2 11 


6.681 


0.729 


102.6 


685.64 


3 


7.068 


0.760 


104.6 


789.5% 


3 1 


7.466 


0.771 


106.7 


796.3$ 


3 2 


7.875 


0.792 


108.7 


856.19 


3 3 


8.295 


0.812 


110.6 


917.41 
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Table 3.— Kutter's formula with n=.0l2. 



d=di- 

ameter 

in 

ft. ins. 



8 
3 
S 
3 
3 
S 



4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 



4 
5 
6 

7 
8 
9 



3 10 
3 11 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

1 
2 
3 
4 
5 
6 



^ 




8.726 
9.169 
9.621 
10.084 
10.659 
11.044 
11.541 
12.048 
12.566 
13.096 
13.635 
14.186 
14.748 
15.321 
15.904 
16 . 499 
17.104 
17.721 
18 . 348 
18.986 
19 . 635 
20.295 
20 . 966 
21.648 
22 . 340 
23.044 
23.758 



f* 


For Ve- 


1*1 


locity 


A3s 
.III 


eVr. 


0.833 


112.6 


0.854 


114.4 


0.876 


116.3 


0.896 


118.1 


0.917 


120.0 


0.937 


121.9 


0.958 


123.8 


0.979 


125.7 


1.000 


127.4 


1.021 


129.1 


1.042 


131.0 


1.062 


132.7 


1.083 


134.4 


1.104 


136.2 


1.125 


137.9 


1.146 


139.5 


1.167 


141.2 


1.187 


142.8 


1.208 


144.6 


1.229 


146.3 


1 . 250 


147.9 


1.271 


149.4 


1.292 


151.2 


1.313 


152.8 


1 .333 


154.4 


1.354 


155.9 


1.375 


157.5 



For dis- 
charge 

acVF. 



982.39 
1049.1 
1118.6 
1191.1 

1267.0 
1345.9 
1428.3 
1514.0 
1600.9 
1690.7 
1785.8 
1882.3 
1982.3 
2085.9 
2193.0 
2301.0 
2415.4 
2530.8 
2652.8 
2777.8 
2903.6 
&032 . 9 
8169.8 
8307.0 
3448.3 
3598.5 
8742.7 
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Table 3. — Kutter's formula with n=.012. 



d~- 


=di- 


a i 


draulic 
depth 
feet. 


For ve- 


For dis- 


ameter 

• 


0) 

2 © 


locity 


charge 




m 




c* a ^ 










II 1 


II l ,a 

1* w 


c Vr. 


ac W„ 


ft. 


ins. 


* V 






5 


7 


24.484 


1.896 


159.0 


3892.0 


5 


8 


25 . 220 


1 417 


160.6 


4049.5 


5 


9 


25 . 967 


1.437 


162.2 


4211.2 


5 


10 


26.729 


1.458 


163.8 


4376.4 


5 


11 


27.494 


1.479 


165.1 


4540. & 


6 





28.274 


1.500 


166.7 


4713. » 


6 


3 


30.680 


1.562 


171.1 


5250.1 


6 


6 


33.183 


1.625 


175.6 


5825.9 


6 


9 


35.785 


1.687 


179.9 


6436.7 


7 





38.485 


1.750 


184.2 


7087.0 


7 


3 


41 . 283 


1.812 


188.3 


7772 . 7 


7 


6 


44.179 


1.879 


192.4 


8501.8 


7 


9 


47.173 


1.937 


196.6 


9275.8 


8 





50.266 


2.000 


200.6 


10083. 


8 


3 


53.456 


2.062 


204.5 


10934. 


8 


6 


56.745 


2.125 


208.5 


11832. 


8 


9 


60.132 


2.187 


212.3 


12766. 


9 





63.617 


2.250 


216.2 


13761. 


9 


3 


67.201 


2.312 


219.9 


14780. 


9 


6 


70.882 


2.375 


223.6 


158<7. 


9 


9 


74.662 


2.437 


227.2 


16965. 


10 





78.540 


2.500 


230.9 


18134. 


10 


3 


82.516 


2.562 


234.6 


19356. 


10 


6 


86.590 


2.625 


238.0 


20612 . 


10 


9 


90.763 


2.687 


241.5 


21921. 


11 





95.033 


2.750 


245.0 


23285. 


11 


3 


99.402 


2.812 


248.5 


24703. 
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TABidS 3.— Kutter's formula with n=.0l2. 



d=di- 

ameter 

in 

ft. ins. 



11 
11 
12 
12 
12 
12 
13 
19 
13 
13 
14 
14 
15 
15 
16 
16 
17 
17 
18 
19 
20 



6 
9 

3 
6 
9 

3 
6 
9 

6 

6 

6 

6 

C 
C 



.a ij 




103.869 
108 . 434 
118.098 
117.859 
122 . 719 
127.677 
132.733 
137 . 887 
143 . 139 
148.490 
153.938 
165 . 130 
176.715 
188.692 
201.062 
213 . 825 
226.981 
240.629 
254.470 
282.529 
314.149 




2.875 
2.937 
3.000 
3.062 
3.125 
3.187 
3.250 
3.312 
3.375 
3.487 
3.500 
3.625 
3.750 
3.875 
4.000 
4.125 
5.250 
4.375 
4.500 
4.750 
5.000 



For ve- 
locity 

cV7. 



252.0 
255.4 
258.7 
262.0 
265.3 
268.5 
271.8 
274.9 
278.1 
281.2 
284.4 
290.5 
296.4 
302.4 
308.4 
314.2 
319.8 
325.5 
331.1 
842.1 
352.6 



For dis- 
charge 

acVr\ 



26179. 
27689. 
29254. 
80876. 
32558. 
34277. 
36077. 
87909. 
39802. 
41755. 
48773. 
47989. 
52382 . 
57061. 
62008. 
67183. 
72594. 
78289. 
84247. 
96991 . 
110905. 
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Table 4. — Circular Pipes, Sewers, Con- 
duits, etc., flowing full. Kutter's 
formula with n=.013. 

Table giving the values of a and r and 

also the values of factors <?vV an( i 

ac/y/JT for use in the formulae, 

V=c^ X V7 Q=a<Vr"X Vs 

These factors are to be used only where 

the value of w, that is the coefficient of 

roughness of lining of channel, =.013, as 

in ashlar and well laid brickwork, ordinary 

metal, earthenware and stoneware pipe, 

in good condition, but not new, cement 

and terra-cotta pipe not well jointed nor 

in perfect order, plaster and planed wood 

in imperf eet or inferior condition, and also 

surfaces of other material equally rough. 



d=6i- 

ameter 

in 

ft. ins. 









5 
6 

7 



.a 

i 

ii 



9 



8* 



dranlic 
depth 
feet. 


For ve- 
locity 


n *• 


eVr. 


0.104 


21.20 


0.125 


24.60 


0.146 


27.87 



For dis- 
charge 

aeVr. 



2.8839 
4.8216 
7.4425 
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Table 4. — Kutter's formula with n=.013. 



(^di- 
ameter 
in 

ft. ins. 



8 
9 
10 
11 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
2 
2 1 



2 


2 


3.687 


2 


3 


3.976 


2 


4 


4.276 


2 


5 


4.587 


2 


6 


4.909 


2 


7 


5.241 


2 


8 


5.585 


2 


9 


5.939 


2 


10 


6.305 



area in 
ire feet. 


ydraulic 
n depth 
i feet 


For ve- 
locity 


For dis- 
charge 


ii a 


fl S-9 


c Vvo 


ac Vr. 


* g 1 


H 3 






0.349 


0.167 


31.00 


10.822 


0.442 


0.187 


34.00 


15 . 029 


0.545 


0.208 


36.87 


20.095 


0.660 


0.229 


39.84 


1 26.296 


0.785 


0.250 


42.65 


33.497 


0.922 


0.271 


45.22 


41 . 692 


1.069 


0.292 


47.85 


51.157 


1.227 


0.312 


50.42 


61 . 867 


1.396 


0.333 


52.90 


73.855 


1.576 


0.354 


55.44 


87.376 


1.767 


0.375 


57.80 


102.14 


1.969 


0.396 


60.17 


118.47 


2.182 


0.417 


62.58 


136.54 


2.405 


0.437 


64.73 


155.68 


2.640 


0.458 


67.07 


177.07 


2.885 


0.479 


69.29 


199.90 


3.142 


0.500 


71.49 


224.63 


3.409 


0.521 


73 . 63 


251.10 


3.687 


0.542 


75.70 


279.12 


3.976 


0.562 


77.77 


309 . 23 


4.276 


0.583 


79.87 


341.52 


4.587 


0.604 


81.83 


375.37 


4.909 


0.625 


83.82 


411.27 


5.241 


0.648 


85.95 


450.49 


5.585 


0.667 


87.89 


490.88 


5.939 


0.687 


89.71 


532 . 76 


6.305 


0.708 


91.68 


578.02 



74 



Table 4. — Kutter's formula with n=.013. 



d=di- 

ameter 
in 

ft. ins. 


a = area in 
square feet. 


r=hydraulic 

mean depth 

in feet. 


For ve- 
locity 

cVr. 


For dis- 
charge 

(teVr. 


2 11 


6.681 


0.729 


93.52 


624.82 


3 


7.068 


0.750 


95.37 


674.09 


3 1 


7.466 


0.771 


97.25 


726.05 


3 2 


7.875 


0.792 


99.13 


780.63 


3 3 


8.295 


0.812 


100.9 


836.69 


3 4 


8.726 


0.833 


102.8 


896 . 27 


3 5 


9.169 


0.854 


104.4 


957.35 


3 6 


9.621 


0.875 


106.1 


1021 . 1 


3 7 


10.084 


0.896 


107 9 


1087.7 


3 8 


10 559 


0.917 


109.6 


1157.2 


3 9 


11.044 


0.937 


111.3 


1229 . 7 


3 10 


11 . 541 


0.958 


113.1 


1305.3 


3 11 


12.048 


0.979 


114.9 


1384 1 


4 


12.566 


1.000 


116.5 


1463.9 


4 1 


13.096 


1.021 


118.1 


1546.9 


4 2 


13.635 


1.042 


119.8 


1633.5 


4 3 


14.186 


1.062 


121.4 


1722.0 


4 4 


14 . 748 


1.083 


123.0 


1813.8 


4 5 


15 321 


1.104 


124.6 


1908.0 


4 6 


15.904 


1.125 


126.2 


2007.0 


4 7 


16.499 


1.146 


127.7 


2206 . 1 


4 8 


17.104 


1.167 


129.3 


2211.1 


4 9 


17.721 


1.187 


130.7 


2316.9 


4 10 


18 . 348 i 


1.208 


132.4 


2429.1 


4 11 


18 . 986 1 


1.229 


134.0 


2543.9 


5 


19.635 i 


1.250 


135.4 


2659.0 


5 1 1 

i 


20.205 ' 


1.271 


136.9 


2778.7 
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Table 4. — Kutter's formula with 7i=.013. 



(^di- 
ameter 

• 


■ea in 
e feet. 


draulic 
depth 
feet. 


For ve- 
locity 


For dis- 
charge 




in 


S 3 

ii E 


5%a 

II ® 

"a 


c Vr. 


ac Vr. 


ft. 


ins. 


« $ 






5 


2 


20 . 966 


1.292 


138.5 


2903 . 5 


5 


3 


21 . 648 


1.312 


139.9 


3029 . 4 


O 


4 


22.340 


1.333 


141.4 


3159.0 


5 


5 


23.044 


1.354 


142.9 


3292.3 


5 


6 


23 . 758 


1.375 


144.3 


3429.2 





7 


24.484 


1.396 


145.6 


3566.2 


o 


8 


25.220 


1.417 


147.1 


3710.9 


5 


9 


25.967 


1.437 


148 6 


3859.7 


5 


10 


26.729 


1.458 


150.1 


4012.2 


5 


11 


27.494 


1.479 


151.4 


4162.7 


6 





28 . 274 


1.500 


152.9 


4322.9 


6 


3 


30.680 


1.562 


157.0 


4816.8 


6 


6 


33 . 183 


1.625 


161.2 


5339.7 


6 


9 


35 . 785 


1.687 


165.2 


5911.5 


7 





38.485 


1.750 


169.2 


6510.6 


7 


3 


41.283 


1.812 


173.0 


7142.0 


7 


6 


44.179 


1.879 


176.9 


7814.2 


7 


9 


47.173 


1.937 


180.8 


8527 . 9 


8 





50.266 


2.000 


184.5 


9272.6 


8 


3 


53.456 


2.062 


188.2 


10U59. 


8 


6 


56.745 


2.125 


191.9 


10889 . 


8 


9 


60.132 


2.187 


195.4 


11753. 


9 





63.617 


2.250 


199.1 


12663. 


9 


3 


67.201 


2.312 


202.6 


13613. 


9 


6 


70.882 


2.375 


205.9 


14597 . 


9 


9 


74 . 662 


2.437 


209 3 


15629. 


10 





78.540 


2.500 


212.8 


16709.0 
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Table 4.— Kutter's formula with w=.0l3. 



^di- 
ameter | 
in ! 

ft. ins. 


a = area in 
square feet 


r=hydraulic 

mean depth 

in feet 


For ve- 
locity 

eVK 


For dis- 
charge 


10 


3 


82.516 


2.562 


216.2 


17837. 


10 


6 


86.590 


2.625 


219.4 


18996 . 


10 


9 


90.763 


2.687 


222.6 


20205. 


11 





95.033 


2.750 


225.9 


21464. 


11 


3 


99.402 


2.812 


229.1 


22774. 


11 


6 


103 . 869 


2.875 


232.4 


24139 . 


11 


9 


108.434 


2.937 


235.4 


25533. 


12 





113.098 


3.000 


238.6 


26981. 


12 


3 


117.859 


3.062 


241.7 


28484. 


12 


6 


122.719 


3.125 


244.8 


30041. 


12 


9 


127.677 


3.187 


247.8 


31633. 


13 





132 . 733 


3 250 


H50.9 


33301. 


13 


3 


137.887 


3.312 


253.8 


34998. 


13 


6 


143.139 


3.375 


256.8 


36752 . 


13 


9 


148 . 490 


3.437 


259.7 


38561. 


14 





153 938 


3.500 


262.6 


40432. 


14 


6 


165.130 


3.625 


2^8.4 


44322. 


15 





176.715 


3.750 


274.0 


48413 . 


15 


6 


188.692 


3.875 


279.6 


52763. 


10 





201.062 


4.0)0 


285.2 


57343. 


16 


6 


213.825 


4.125 


290.6 


62132. 


17 





226.981 


4.250 


295.8 


67140. 


17 


6 


240.529 


4 . 375 


301.0 


72409 . 


18 





254.470 


4.500 


306.3 


77932. 


19 





282 . 529 


4.75. 


316.6 


89759. 


20 





314.159 


5.000 


326.5 


102559. 
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\ible 5. — Value of c^/^ to be used only 
in the use of the second type of the 
use of Bazin's formula for open chan- 
nels with an even lining of cut stone, 
brick-work, or other material with 
surfaces of equal roughness exposed 
to the flow of water. This formula is 

where c=yj 1^.000013^4.354+-) 



Hydraulic 

mean 

depth in 

feet, r. 


c \ r 


Hydraulic 

mean 

depth in 

feet, r. 


c \ r 


0.104 


23.710 


0.312 


55.783 


0.125 


27.617 


0.333 


58.346 


0.146 


31.284 


0.354 


60 . 898 


0.167 


34.569 


0.375 


63.336 


0.187 


38 . 147 


0.396 


65 . 756 


0.208 


41.327 


0.417 


68.159 


0.229 


44.484 


0.437 


70 . 337 


0.250 


47.430 i 

i 


0.458 


72.615 


0.271 


50.267 


0.479 


74 . 764 


0.292 


53.077 , 


i 0.500 


76.907 
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Table 5. —Value of c |/ r in Bazin's Formula, 

Second Category. 



Hydraulic 
mean 

depth in 
feet, r. 


c\/p 


Hydraulic 
mean 

depth in 
feet, r. 


* 


0.562 


83.048 


1.750 


163.46 


0.625 


88.772 


1.875 


169.80 


0.687 


94.315 


2.000 


175.99 


0.750 


99 .573 


2.125 


182.02 


0.812 


104.53 


2.250 


187.77 


. 875 


109.35 


2.375 


193.36 


0.937 


114 00 


2.500 


198.83 


1.000 


118.50 


2.750 


209.31 


1.062 


122.82 


3.000 


219.36 


1.125 


127.05 


3.250 


228.98 


1.187 


131.00 


3.500 


238.18 


1.250 


135.03 


3.750 


246.96 


1.312 


138.93 


4.000 


255.58 


1.375 


142.79 


4.250 


263 . 81 


1.437 


146.42 


1 4.500 


271.87 


1.500 


149.90 


4.750 


279 . 78 


1.625 


156.83 


5.000 


287.30 



79 



Table 6. — Values of <^ r for diameters 

given in Tables. 



Diameter. 


if. 


Diameter. 


\'r 


Ft. 


Ins. 


in Feet. 


[ Ft. 

1 


Ins. 


in Feet. 





5 


0.323 j 


i « 


9 


0.829 





6 


0.354 i 


' 2 

i 


10 


0.842 





< 


0.382 


1 2 


11 


0.854 





8 


408 


i 3 





0.866 





9 


0.433 


3 


1 


0.878 





10 


0.456 


3 


2 


0.890 





11 


0.479 


1 3 


3 


0.901 







0.500 


3 


4 


0.913 




1 


0.520 


; 3 


5 


0.924 




2 


0.540 


3 


6 


0.935 




6 


0.559 


3 


7 


0.946 




4 


0.577 


i 3 


8 


0.957 




5 


0.505 i 


i 3 


9 


0.968 




6 


0.612 


3 


10 


0.979 




7 


0.629 


3 


11 


990 




8 


0.646 


4 





1.000 




9 


0.661 


4 


1 


1.010 




10 


0.677 


4 


2 


1.021 




11 


0.692 


4 


3 


1.031 


2 





0.707 


4 


4 


1.041 


2 


1 


0.722 


4 


5 


1.051 


2 


2 


0.736 


4 


6 


1.061 


2 


3 


0.750 


4 


7 


1.070 


2 


4 


764 


4 


8 


1.080 


2 


5 


0.777 


4 


9 


1.089 


2 


6 


0.790 


1 4 


10 


1.099 


2 


7 


0.804 ! 


! 4 


11 


1.109 


2 


8 


0.817 







1.118 
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Table 6. — 



Values of ^/ r for diameters 
given in Tables. 



Diameter. 


Vr 


i Diameter. 


Vg 


Ft. 


Ins. 


in Feet 


Ft 


Ins. 


in Feet 


5 


1 


1.127 


10 





1.581 


5 


2 


1.137 


10 


3 


1.601 


5 


3 


1.146 


10 


6 


1.620 


5 


4 


1.155 


10 


9 


1.639 


5 


5 


1.164 


11 





1.658 


5 


6 


1 173 


11 


3 


1.677 


5 


7 


1.181 


11 


6 


1.696 


5 


8 


1 . 190 


11 


9 


1.714 


5 


9 


1.199 


12 





1.732 


5 


10 


1.208 


12 


3 


1.750 


5 


11 


1.216 


12 


6 


1.768 


6 





1.225 


12 


9 


1.785 


6 


3 


1.250 


13 





1.803 


6 


6 


1.275 


13 


3 


1.820 


6 


9 


1.299 


13 


6 


1.837 


7 





1.323 


13 


9 


1.854: 


t 


3 


1.346 


14 





1.871 


7 


6 


1.369 


14 


6 


1.904 


7 


9 


1.392 


15 





1.936 


8 





1.414 


15 


6 


1.968 


8 


3 


1.436 


16 





2.000 


8 


6 


1.458 


16 


6 


2.031 


8 


9 


1.479 


1 17 





2.061 


9 


o 


1.500 


1 17 


6 


2.091 


9 


3 


1.521 


18 





2.121 


9 


6 


1.541 


! 19 





2.180 


9 


9 


1.561 j 


! 20 

i 





2.236 



SI 

Table 7. — Giving fall in feet per mile ; 
the distance corresponding to a fall 
of one foot, and also the values of s 
and Vs. 
«=-j-— sine of slope = fall of water 
surface (A) in any distance (t) divided 
by that distance. 



Fall in 


Slope, 






futt per 








mile. 


one in 






1 


5380. 


.000139393 


.013762 


2 


2640. 


.000378787 


.019463 


3 


1760. 


.000688183 


.023836 




1320. 


,000767576 


.027524 




lose. 


. 000!>4IK.Mi9 


.030773 


6 


880.0 


.001136364 


.033710 




754:3 


,001325797 


.036411 


8 


660.0 


,001615151 


.038935 


9 


586.6 


.O0I7O4443 


.041286 


10 


528.0 


.001X93039 


.043519 


11 


418.6 


. 002083333 


.045643 


12 


440,0 


00J272727 


.047673 


18 


406.1 


.002462131 


.049630 


11 


377.1 


.1X12651515 


.051493 




352.0 


. IN I2M 40(109 


.058300 


16 


330.0 


.0030311303 


.055048 


17 


310.6 


. 003i»10!>!ifi 


.056742 


18 


293.3 


,003409090 


.058388 


19 


2T7.9 


.00359H4K4 


.059988 


90 


234.0 


.003787878 


.061546 


31 


251.4 


.003977272 


.063066 
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Table 7. — Slopes. 



Fall in 


Slope, 




vr 


feet per 




S. 


mile. 


one in 






22 


240.0 


.004166667 


.064549 


23 


229.6 


.004356060 


.066000 


24 


220.0 


.004545454 


.067419 


25 


211.2 


.004734848 


.068810 


26 


203.1 


.004924242 


.070173 


27 


195.2 


.005113636 


.071510 


28 


188.6 


.005303030 


.072822 


29 


182.1 


.005492424 


.074111 


30 


176.0 


.005681818 


.075378 


31 


170.3 


.005871219 


.076624 


32 


165.0 


.006000606 


.077850 


33 


160.0 


.006250000 


.079057 


34 


155.3 


.006439393 


.080246 


35 


150.9 


.006628788 


.081417 


30 


146.6 


.006818181 


.082572 


37 


142.7 


.007007575 


.083711 


38 


139.0 


.007196969 


.084836 


39 


135.4 


.007380363 


.085944 


40 


132.0 


.007575757 


.087039 


41 


128.8 


.007765151 


.088120 


42 


125.7 


.007954545 


.089188 


43 


122.8 


.008143939 


.090244 


44 


120.0 


.008333333 


.091287 


45 


117.3 


.008522727 


.092319 


40 


114.8 


.008712121 


.093339 


47 


112.3 


.008901515 


. 094348 


48 ' 


110.0 


.009090909 


. 095346 


49 


107.7 


.009280303 


.096334 


50 


105.6 


.009409090 


. 097312 


51 


103.5 


.009059090 


.098281 


52 


101.5 


.009848484 


.099241 


53 


99.60 


.010037871 


.100189 
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Table 7. — Slopes. 



Fall in 


Slope, 




X ' 


feet per 


• 


8. 


\'s. 


mile. 


one in 






54 


97.77 


.010227273 


.101130 


55 


96.00 


.010416667 


.102060 


56 


94.28 


.010606060 


.102983 


57 


92 63 


.010795454 


.103901 


58 


91.03 


.010984848 


.104809 


59 


89.49 


.011174242 


.105708 


60 


88.00 


.011363636 


.106600 


65 


81.23 


012310606 


.110953 


70 


75.43 


.013257575 


.115141 


80 


66.00 


.015151515 


.123091 


90 


58.66 


.017045454 


. 130559 


100 


52.80 


.018939393 


.137620 


120 


44.00 


.022727272 


.150756 


140 


37.71 


.026515151 


. 162835 


160 


33.00 


.030303030 


.174077 


180 


29.33 


.034090909 


.184637 


200 


26.40 


.037878787 


. 194625 


240 


22.00 


.041666667 


,213200 


280 


18.86 


.053030303 


. 230283 


320 


13.50 


.060606060 


. 246183 


360 


14.66 


.068181818 


.261116 


400 


13.20 


.075757575 


.275241 


450 


11.73 
HT56 


.085227272 


.291937 


500 


.094696969 


.307729 


600 


8.800 


.113636363 


.337100 


700 


7.543 


.132575757 


.364109 


800 


6.660 


.151515151 


. 389249 


900 


5.866 


.170454545 


.412861 


1000 


5.280 


.189393939 


.435194 


1500 


3.520 


.284090909 


.532925 
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Table 7. — Slopes continued. 

(This table is a continuation of the Table of 
Slopes given in No. 67, Science Series, en- 
titled "Hydraulic Tables Based on Kutter's 
Formula.") 



Slope, 


Feet, 


a. 


V*. 


one in 


per mile. 


o • 


100 


52.80 


.010000000 


.100000 


200 


26.40 


.005000000 


.070710 


300 


17.60 


.003333333 


.057735 


1001 


5.274 


.000999000 


.031067 


1002 


5.269 


.000998004 


.061591 


1003 


5.264 


.000997008 


.031576 


1004 


5.259 


.000996016 


.031560 


1005 


5.253 


.000995025 


.031544 


1006 


5.248 


.000994036 


.031528 


1007 


5.243 


.000993048 


.031513 


1008 


5.238 


.000992064 


.031497 


1009 


5.233 


.000991080 


J31481 


1010 


5.228 


.0009 £0099 


.031466 


1011 


5.222 


.000989120 


.031450 


1012 


5.217 


.000988142 


.031435 


1013 


5.212 


.000987167 


.031419 


1014 


5.207 


.000986193 


.031404 


1015 


5.202 


.000985222 


.031388 


1016 


5.197 


.000984252^ 


.031373 


1017 


5.192 


.000983284 


.031357 


1018 


5.187 


. 000982318 


.031342 


1019 


5.181 


.000981354 


.031327 


1020 


5.176 


.000980392 


.031311 


1021 


5.171 


.000979432 


.031296 


1022 


5.166 


.000978571 


.031282 


1023 


5.161 


.000977517 


.031256 
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Table 7. — Slopes. 




Slope, 


Feet, 










8. 


Vs. 


one in 


per mile. 


* 




1024 


5.156 


.000976562 


.031250 


1025 


5.151 


.000975610 


.031235 


1026 


5.146 


.000974659 


.031219 


1027 


5.141 


.000973710 


.031204 


1028 


5.136 


.000972763 


.031189 


1029 


5.131 


" .000971817 


.031174 


1030 


5.126 


.000970873 


-031159 


1031 


5.121 


.000969932 


.031144 


1032 


5.116 


.000968992 


.031129 


1033 


5.111 


.000968054 


.031114 


1034 


5.106 


.000967118 


.031099 


1035 


5.101 


.000966184 


.031083 


1040 


5.077 


.000961538 


.031009 


1041 


5.072 


.000960615 


.030994 


1042 


5.067 


.000959693 


.030975 


1043 


5.062 


.000958773 


.030964 


1044 


5.058 


.000957855 


.030949 


1045 


5.053 


.000956938 


.030934 


1046 


5.048 


.000956023 


.030919 


1047 


5.043 


.000955U0 


.030905 


1048 


5.038 


.000954198 


.030890 


1049 


5.033 


.000953289 


.030875 


1050 


5.029 


.000952381 


.030861 


1051 


5.025 


.000951475 


.030846 


1052 


5.019 


.000950570 


.030831 


1053 


5.014 


.000949668 


.030817 


1054 


5.010 


.000948767 


.030802 


1055 


5.005 


.000947867 


.030787 


1056 


5.000 


.000946970 


.030773 


1057 


4.995 


.000946074 


.030758 


1058 


4.990 


.000945180 


.030744 
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TABiiE 7. — Slopes. 



^ - 1 

Slope, 


Feet, 






one in 


per mile. 


8. 

m 


is. 


1059 


4.986 


.000944287 


.030729 


1060 


4.981 


.000943396 


.030715 


1061 


4.976 


.000942507 


.030700 


1062 


4.972 


.000941620 


.030686 


1063 


4.967 


.000940734 


.030671 


1064 


4.962 


.000939850 


.030657 


1065 


4.958 


.000938967 


.030643 


1066 


4.953 


.000938086 


.030628 


1067 


4.948 


.000937207 


.030614 


1068 


4.944 


.000936330 


.030599 


1069 


4.939 


.000935454 


.030585 


1070 


4.935 


.000934579 


.030571 


1071 


4.930 


.000933707 


.030557 


1072 


4.925 


.00093'28b6 


.030542 


1073 


4.921 


.000931967 


.030528 


1074 


4.916 


.000931099 


.030514 


1075 


4.912 


.000930233 


.030499 


1076 


4.907 


.OOOJ29368 


.030485 


1077 


4.902 


.000928505 


.030471 


1078 


4.898 


.000927644 


.030457 


1079 


4.893 


.000926784 


.030443 


1080 


4.889 


.000925926 


.030429 


1081 


4.884 


.000925069 


.030415 


1082 


4.880 


.000924214 


.030401 


1083 


4.875 


.000923361 


.030387 


1084 


4.871 


.000922509 


.030373 


1085 


4.866 


.000921659 


.030359 


1086 


4.862 


.000920819 


.030345 


1087 


4.857 


.000919954 


.030331 


1088 


4 . 853 


.000919118 


.080317 


1089 


4.848 


.000918274 


.030303 
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Table 7. — Slopes. 



Slope, 


Feet, 










8. 


Vs. 


one in 


per mile. 






1090 


4.844 


.000917431 


.030289 


1091 


4.839 


.000916590 


.030275 


1092 


4.835 


.000915751 


.039261 


1093 


4.831 


.000914914 


.030247 


1094 


4.826 


.000914077 


.030234 


1095 


4.822 


. 00 J9 13242 


.030220 


1096 


4.817 


.000912409 


.030206 


1097 


4.818 


.000911576 


.030192 


1098 


4.809 


.000910747 


.030178 


1099 


4.804 


.000909918 


.030165 


1100 


4.800 


.000909090 


.030151 


1101 


4.796 


.000908265 


.030137 


1102 


4.792 


.000907441 


.030124 


1103 


4.787 


.000906618 


.030110 


1104 


4.783 


.000905797 


.030096 


1105 


4.778 


.000904977 


.030083 


1106 


4.774 


.000904159 


.030069 


1107 


4.769 


.000903342 


.030055 


1108 


4.765 


.000902527 


.030042 


1109 


4.761 


.000901713 


.030028 


1110 


4.757 


.000900900 


.030015 


1111 


4.752 


.000900090 


.030001 


1112 


4.748 


.000899279 


.029988 


1113 


4.744 


.000898473 


.029975 


1114 


4.739 


.000897666 


.029961 


1115 


4.735 


.000896861 


.029948 


1116 


4.731 


.000896057 


.029934 


1117 


4.727 


.000893655 


.029921 


1118 


4.723 


.000894508 


.029908 


1119 


4.719 


.000893655 


.029894 


1120 


4.714 


.000892857 


.029881 
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Table 7. — Slopes. 



Slope, 


Feet, 










8. 


\H. 


one in 


per mile. 
4 710 






1121 


.000892061 


.029868 


1122 


4.706 


.000891266 


.029854 


1223 


4 702 


.000890472 


.029841 


1124 


4.698 


.000889680 


.029828 


1125 


4.693 


.000888888 


.029814 


1126 


4.689 


.000888099 


.029801 


1127 


4.685 


.000887311 


.029788 


1128 


4.681 


.000886525 


.029775 


1129 


4.677 


.000885740 


.029761 


1130 


4.673 


.000884956 


.029748 


1131 


4.668 


.000884173 


.029735 


1132 


4.664 


.000883392 


.029722 


1133 


4.660 


.000882623 


.029709 


1134 


4.656 


.000881834 


.029696 


1135 


4.652 


.000881057 


.029683 


1136 


4.648 


.000880282 


.029669 


1137 


4.644 


. 000879507 


.02965;: 


1138 


4.640 


.000878734 


.029643 


1139 


4.636 


.000877963 


.029630 


1140 


4.632 


.000877193 


.029617 


1141 


4.628 


.000876424 


.029604 


1142 


4.623 


.000875744 


.029591 


1143 


4.619 


.000874890 


.029578 


1144 


4.615 


.000874126 


.029566 


1145 


4.611 


.000873365 


.029553 


1146 


4.607 


.000872600 


.029540 


1147 


4.603 


.000871840 


.029527 


1148 


4.599 


.000871080 


.029514 


1149 


4 . 595 


.000871192 


.029501 


1150 


4.591 


.000869566 


.029488 


1151 


4.587 


.000868810 


.029476 
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Table 7. — Slopes. 



Slope, 


Feet, 










& 


Vs. 


one in 


per mile. 






1152 


4.583 


.000868055 


.029463 


1153 


4.579 


. 000867303 


.029450 


1154 


4.575 


.000866577 


.029438 


1155 


4.571 


.000865801 


.029425 


1156 


4.567 


.000865052 


.029412 


1157 


4.563 


.000864304 


.029399 


1158 


4.559 


.000863558 


.029386 


1159 


4.556 


.000862813 


.029374 


' 1160 


4.552 


.000862069 


.02936a 


1161 


4.548 


.000861326 


.029348 


1162 


4.544 


.000860585 


.029336 


1163 


4.540 


.000859845 


.029323 


1164 


4.536 


.000859106 


.029311 


1165 


4.532 


.000858370 


.029298 


1166 


4.528 


.000857623 


.029285 


1167 


4.524 


.000856898 


.029273 


1168 


4.521 


.000856164 


.029264 


1169 


4.517 


.000855432 


.029248 


1170 


4.513 


.000854701 


.029235 


1171 


4 . 509 


.000853971 


.029223 


1172 


4.505 


.000853242 


.029210 


1173 


4.501 


.000852515 


.029198 


1174 


4.497 


.000851789 


.029185 


1175 


4.494 


.000851064 


.029173 


1176 


4.490 


.000850340 


.029161 


1177 


4.486 


.000849626 


•02914ft 


1178 


4.482 


.000848896 


029136 


1179 


4.478 


.000848176 


.029123 


1180 


4.475 


.000847458 


.029111 


1181 


4.471 


.000846740 


.029099 


1182 


4.467 


.000846024 


.029086 
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Table 7. — Slopes. 



Slope, 


Feet, 






one in 


per mile. 


8. 


Vs. 


1183 


4.463 


.000845309 


.029074 


1184 


4.459 


.000844595 


.029062 


1185 


4.456 


.000843882 


.029049 


1186 


4.452 


.000843170 


.020037 


1187 


4.448 


.000842460 


.029025 


1188 


4.444 


.000841751 


.029013 


1189 


4.441 


.000841043 


.029001 


1190 


4.437 


.000840336 


.028988 


1191 


4.433 


.000839631 


.028976 


1192 


4.430 


.000838926 


.028964 


1193 


4.426 


.000838223 


.02895* 


1194 


4.422 


.C00837521 


.028940 


1195 


4.418 


.000836820 


.028928 


1196 


4.415 


.000836120 


.028916 


1197 


4.411 


.000835422 


.028904 


1198 


4.407 


.000834725 


.028892 


1199 


4.404 


.000834028 


.028880 


1200 


4.400 


.00083333° 


.028868 


1201 


4.396 


.000832639 


.028855 


1202 


4.393 


.000831946 


.028843 


1203 


4.389 


.000831255 


.028831 


1204 


4.385 


.000830565 


.028819 


1205 


4.382 


.000829875 


.028808 


1206 


4.378 


.000829187 


.028786 


1207 

1208 


4.374 


.000828500 


.028784 


4.371 


.000827815 


.028772 


1209 


4.367 


.000827129 


.028760 


1210 


4.364 


.000826446 


.028748 


1211 


4.360 


.000825764 


.028736 


1212 


4.356 


.000825083 


.028724 


1213 


4.353 


.000824402 


.028713 
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Table 7. — Slopes. 



Slope, 


Feet, 










8. 


Vs. 


one in 


per mile. 






1214 


• 4.349 


.000823723 


.028701 


1215 


4.346 


.000823045 


.028689 


1216 


4.342 


.000822368 


028677 


1217 


4.339 


.000821693 


.028665 


1218 


4.335 


.000821018 


.028653 


1219 


4.331 


.000820344 


.028641 


1220 


4.328 


.000819672 


.028630 


1221 


4.324 


.000819001 


.028517 


1222 


4.321 


.000818355 


.028506 


1223 


4.317 


.000817661 


.028595 


1324 


4.314 


.000816993 


.028583 


1225 


4.310 


.000816326 


.028571 


1226 


4.307 


.000815661 


.028559 


1227 


4.303 


.000814996 


.028548 


1228 


4.300 


.000814332 


.028536 


1229 


4.296 


.000813670 


.028525 


123U 


4.293 


.000813008 


.028513 


1231 


4.289 


.000812348 


.028501 


1232 


4.286 


.000811688 


.028490 


1233 


4.282 


.000811030 


.028478 


1234 


4.279 


.000810373 


.028467 


1235 


4.275 


.000809717 


.028455 


1236 


4.272 


.000809061 


.028444 


1237 


4.269 


.000808407 


.028433 


1238 


4.265 


.000807795 


.028421 


1239 


4.261 


.000807102 


.028409 


1240 


4.258 


.000806452 


.028^98 


1241 


4.255 


.000805802 


.028387 


1242 


4.251 


.000805153 


.028375 


1243 


4.248 


.000804505 


.028364 


1244 


4.244 


.000808858 


?028352 
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Table 7. — Slopes. 




Slope, 


Feet, 










8. 


Vs. 


one in 


per mile. 






1245 


4.241 


.000803213 


.028341 


1246 


4.238 


.000802568 


.028329 


1247 


4.234 


.000801925 


. 028318 


1248 


4.231 


.000801282 


.028307 


1249 


4.228 


.000800640 


.028295 


1250 


4.224 


.000800000 


.028284 


1251 


4.221 


. 000799396 


.028273 


1252 


4.217 


.000798722 


.028262 


1253 


4.214 


.000798095 


.028250 


1254 


4.211 


.000797448 


.028239 


1255 


4.207 


.000796813 


.02822a 


1256 


4.204 


.000796178 


.028217 


1257 


4.200 


.000795545 


.028205 


1258 


4.197 


.000794913 


.028194 


1259 


4.194 


.100794281 


.028183 


1260 


4.190 


.000793651 


.028172 


1261 


4.187 


.000793021 


.028161 


1262 


4.184 


.000792393 


.02814& 


1263 


4.181 


.000791765 


.028138 


1264 


4 177 


.000791139 


.028127 


1265 


4 174 


.000790514 


.028116 


1266 


4.171 


.000789889 


.028105 


1267 


4.167 


.000789266 


.028094 


1268 


4.164 


.000788644 


.028083 


1269 


4.161 


.000788030 


.028072 


1270 


4.157 


.000787402 


.028061 


1271 


4.154 


.000786782 


.028050 


1272 


4.151 


.000786321 


. 028038 


1273 


4.148 


.000785546 


.028027 


1274 


4.144 


.000784929 


.028016 


1275 


4.141 


.000784314 


.028006 
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Table 7. — Slopes. 



Slope, 


Feet, 










s. 


Vs. 


one in 


per mile. 






1276 


4 138 


.000783699 


.027995 


1277 ' 


4.135 


.000783085 


.027984 


1278 


4.131 


.000782473 


.027973 


1279 


4.f28 


.000781861 


.027962 


1280 


4.125 


.000781250 


.027951 


1281 


4.122 


.000780640 


.027940 


1282 


4.118 


.000780031 


.027929 


1283 


4.115 


.000779423 


.027918 


1284 


4.112 


.000778816 


. 027907 


1285 


4.109 


.000778210 


.027896 


1286 


4.106 


.000777605 


.027886 


1287 


4.103 


.000777001 


.027875 


1288 


4.099 


.000776398 


.027864 


1289 


4.096 


.0007757954 


.027853 


1290 


4.093 


.000775116 


.027841 


1291 


4.090 


.000774593 


.027831 


1292 


4.087 


.000773994 


.027821 


1293 


4.084 


.000773395 


.027810 


1294 


4.080 


.000772798 


.027799 


1295 


4.077 


.000772201 


.027789 


1296 


4.074 


.000771605 


.027778 


1297 


4.071 


.000771010 


.027767 


1298 


4.068 


.000770416 


.027756 


1299 


4.065 


. 000769823 


.027746 


1300 


4.062 


.000769231 


.027735 


1301 


4.058 


.000768624 


.027724 


1302 


4.055 


.000768049 


.027714 


1303 


4.052 


.000767460 


.027703 


1304 


4.049 


.000766871 


.027692 


1305 


4.046 


.000766283 


.027682 


1 06 


4.043 


j .000765697 


.027671 
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Table 7. — Slopes. 




Slope, 


Feet, 










8. 


Vs. 


one in 


per mile. 






1307 


4.040 


.000765111 


.H)27661 


1308 


4.037 


.000764526 


.027650 


1309 


4.034 


.00076394^ 


.027639 


1310 


4.031 


.000763359 


.027629 


1311 


4.037 


.000762776 


.027618 


1312 


4.024 


.000762195 


.027608 


1313 


4.021 


.000761615 


.027597 


1314 


4.018 


.000761035 


.027587 


1315 


4.015 


.000760456 


.027576 


1316 


4.012 


.000759878 


.027566 


1317 


4.009 


.000759301 


.027555 


1318 


4.006 


.000758725 


.027545 


1319 


4.003 
4.<K)0 


.000758150 


.027534 


1320 


.000757576 


. 027524 


1321 


3.997 


.000757002 


.027514 


1322 


3.994 


.000756430 


.027503 


1323 


3 991 


.000755858 


.02749a 


1324 


3.988 


.000755217 


.027481 


1325 


3.985 


.000754717 


.027472 


1326 


3.982 


.000754148 


.027462 


1327 


3.979 


.000753579 


.027451 


1328 


3.976 


.000753012 


.027441 


1329 


3.973 


.000752445 


.027431 


1330 


3.970 


.000751880 


.027420 


1331 


3.967 


.000751315 


.027410 


1332 


3.964 


. .000750751 


.027400 


1333 


3.961 


.000 ''50187 


.027389 


1334 


3.958 


.000749625 


.027379 


1335 


3.955 


.000749064 


.037569 


1336 


3.952 


.000748503 


.027359 


1337 


3.949 


.000747943 


.027349 
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Table 7. — Slopes. 



Slope, 


Feet, 










8. 


Vs. 


one in 


per mile. 






1338 


3.946 


.000747384 


.027338 


1339 


3.943 


.000746826 


.027328 


1340 


3 940 


.000746268 


.027318 


1341 


3.937 


.000745712 


.027308 


1342 


3.934 


.000745156 


.027298 


1343 


3.932 


.000744601 


.027287 


1344 


3.929 


.000744048 


.027277 


1345 


3.926 


.000743420 


.027267 


1346 


3.923 


.000742942 


.027257 


1347 


3.920 


.000742390 


.027247 


1348 


3.917 


.000741840 


.027237 


1349 


3.914 


.000741289 


.027227 


1350 


3.911 


.000740741 


.027217 


1351 


3.908 


.000740192 


.027207 


1352 


3.905 


.000739659 


.027197 


1353 


3.902 


.000739098 


.027186 


1354 


3.899 


.000738552 


.027176 


1355 


3.897 


.000738007 


.027166 


1356 


3.894 


.000737463 


.027156 


1357 


3.891 


.000736920 


.027146 


1358 


3.888 


.000736377 


.027136 


1359 


3.885 


.000735879 


.027126 


1360 


3.882 


.000735294 


.027116 


1361 


3.879 


.000734754 


.027106 


1362 


3.877 


.000734214 


.027096 


1363 


3.874 


.000733676 


.027086 


1364 


3.871 


.000733138 


.027077 


1365 


3.868 


.000732601 


.027067 


1366 


3.865 


.000732064 


.027057 


1367 


3.862 


.000731529 


.027047 


1368 


3.860 


.000730994 


.027037 
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Table 7. — Slopes. 




Slope, 


Feet, 










*. 


vr. 


one in 


per mile. 






r . - . - 

1369 


3.857 


.000730460 


.027027 


1370 


3.854 


.000729927 


.027017 


1371 


3.851 


.000729395 


.027007 


1372 


3/848 


.000728863 


.026997 


1373 


3.846 


.000728332 


.026988 


1374 


3.843 


.000727802 


.026978 


1375 


3.840 


.000727273 


.026968 


1376 


3.837 


.000726744 


.026958 


1377 


3.834 


.000726216 


. 026948 


1378 


3.832 


.000725689 


.026939 


1379 


3 . 829 


.000725163 


.026929 


1380 


3.826 


.000724638 


.026919 


1381 


3.823 


.000724113 


.026909 


1382 


3.821 


.000723589 


.026899 


1383 


3.818 


.000723066 


.026890 


1384 


3.815 


.000722543 


.026880 


1385 


3.812 


.000722022 


.026870 


1386 


3.809 


.000721501 


.026861 


1387 


3.807 


.000720981 


.026851 


1388 


3.804 


.000729461 


.026841 


1389 


3.801 


.000729942 


.026832 


1390 


3.799 


.000719424 


.026822 


1391 


3.796 


.000718907 


.026812 


1392 


3.793 


.000718391 


.026803 


1393 


3 . 790 


.000717875 


.026793 


. 1394 


3.788 


.000717360 


.026784 


1395 


3 . 785 


.000716846 


.026774 


1396 


3.782 


.000716332 


.026764 


1397 


3.779 


.000715819 


.026755 


1398 


3.777 


.000715308 


.026745 


1399 


3.774 


.000714796 


.026736 

• 
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Table 7. — Slopes. 



Slope, 


Feet, 










& 


Vs. 


one in 


per mile. 






1400 


3.771 


.000714286 


.026726 


1401 


3.769 


.000713776 


.026717 


1402 


3.766 


.000713267 


.026707 


1403 


3.763 


.000712758 


.026698 


1404 


3.761 


.000712251 


.026688 


1405 


3.758 


.000711744 


.026679 


1406 


3.755 


.000711238 


.025669 


1407 


3.753 


.000710732 


.026659 


1408 


3.750 


.000710227 


.026650 


1409 


3.747 


.000709723 


.026641 


1410 


3.745 


.000709220 


.0.6631 


1411 


3.742 


.000708717 


.026622 


1412 


3.739 


.000708215 


.026612 


1413 


3.737 


.000707714 


.026603 


1414 


3.734 


.000707213 


.026593 


1415 


3.731 


.000706714 


.026584 


1416 


3.729 


.000706215 


.026575 


1417 


3.726 


.000705716 


.026565 


1418 


3.724 


.000705218 


.026556 


1419 


3.721 


• .000704722 


.026547 


4420 


3.718 


.000704225 


.026537 


1421 


3.716 


.000703730 


.026528 


1422 


3.713 


.000703235 


.026519 


1423 


3.710 


.000702741 


.026509 


1424 


3.708 


.000702247 


•026500 


1425 


3.705 


.000701754 


026491 


1426 


3.703 


.000701262 


.026481 


1427 


3.700 


.000700708 


.026472 


1428 


3.697 


.000700280 


.026463 


1429 


3.695 


.000699790 


.026454 


1430 


3.692 


.000699300 


.026444 
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Table 7. — Slopes. 



Slope, 


Feet, 










& 


VST 


one in 


per mile. 






1431 


3.690 


.000698812 


.026535 


1432 


3.687 


.000698324 


.026426 


1433 


3.685 


.000698837 


.026417 


1434 


3.682 


.000697350 


.026407 


1435 


3.680 


.000696864 


.026398 


1436 


3.677 


.000696379 


.026389 


1437 


3.674 


.000695894 


.026380 


1438 


3.672 


.000695410 


.026371 


1439 


3.669 


.000694927 


.026361 


1440 


3.667 


.000694444 


.026352 


1441 


3.664 


.000693963 


.026343 


1442 


3.662 


.000693481 


.026334 


1443 


3.659 


.000693001 


.026325 


1444 


3.657 


.000692521 


.026316 


1445 


3.654 


.000692042 


.026307 


1446 


3.651 


.000691563 


.026298 


1447 


3.649 


.000691085 


.026288 


1448 


3.646 


.000690608 


.026279 


1449 


3.644 


.000690131 


.026270 


1450 


3.641 


.000689655 


.026261 


1451 


3.639 


.000689180 


.026252 


1452 


3.636 


.000688705 


.026243 


1453 


3.634 


.000688231 


.026231 


1454 


3.631 


.000687758 


.026225 


1455 


3.629 


.000687285 


.026216 


1456 


3.626 


.000686813 


.026207 


1457 


3.624 


.000686342 


.029198 


1458 


3.621 


.000685871 


.026189 


1459 


3.619 


.000685401 


.026180 


1460 


3.617 


.000684931 


.026171 


1461 


3.614 


.000684463 


.026162 
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Table 7. — Slopes. 



Slope, 


Feet, 










8. 


Vs. 


one in 


per mile. 






1462 


3.612 


.000683994 


.026153 


1463 


3.609 


.000683527 


.026144 


1464 


3.607 


.000683060 


.026135 


1465 


3.604 


.000682594 


.026126 


1466 


3.602 


.000682128 


.02611?$ 


1467 


3.599 


.000681663 


.026109 


1468 


3.597 


.000681199 


.026100 


1469 


3.594 


.000680735 


.026091 


1470 


3.592 


.000680272 


.026082 


1471 


3.589 


.000679810 


.026073 


1472 


3.587 


.000679348 


.026064 


1473 


3.585 


.000678887 


.026055 


1474 


3.582 


.00067K426 


.026047 


1475 


3.580 


.000677966 


.026038 


1476 


3.577 


.000677507 


.026029 


1477 


3.575 


.000677048 


.026020 


1478 


3 . 572 


.000676590 


.026011 


1479 


3.570 


.000676132 


.026003 


1480 


3.568 


.000675676 


.025994 


1481 


3.565 


.000(175220 


.025985 


1482 


3.563 


.000674764 


.025976 


1483 


3.560 


.000674309 


.025967 


1484 


3.558 


.000673854 


.025959 


1485 


3.556 


.000673401 


.025950 


1486 


3.553 


.000672948 


.025941 


. 1487 


3.551 


.000672495 


.025933 


1488 


3.548 


.000672043 


.025924 


1489 


3.546 


000671592 


.025915 


1490 


3.544 


.000671141 


.025907 


1491 


3.541 


.000670020 


.025898 


1492 


3.539 


.000670241 


.025889 
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TABiiB 7. — Slopes. 



Slope, 


Feet, 










8. 


Vs. 


one in 


per mile. 






1493 


3.537 


.000669792 


.025880 


1494 


3.534 


.000669344 


.025872 


1495 


3 532 


.000668896 


.025863 


1496 


3.529 


.000668449 


.025854 


1497 


3.527 


.000668003 


.025846 


1496 


3.525 


.000667557 


.025837 


1499 


3.522 


.000667111 


.025828 


1500 


3.520 


.000666666 


.025820 


1501 


3.518 


.000666222 


.025811 


1502 


3.515 


.000665779 


.025803 


1503 


3.513 


.000665336 


.025794 


1504 


3.511 


.000664894 


.025780 


1505 


3.508 


.000664452 


.025777 


1506 


3.506 


.000664106 


.025768 


1507 


3.504 


.000663570 


.025760 


1508 


3.501 


.000663130 


.025751 


1509 


3.499 


.000662691 


.025743 


1510 


3.497 


.000662252 


.025734 


1511 


3.494 


.000661813 


.025726 


1512 


3.492 


.000661376 


.025717 


1513 


3.490 


.000660938 


.025709 


1514 


3.487 


.000660502 


.025700 


1515 


3.485 


.000660C66 


.025691 


1516 


3.483 


.000659631 


.025683 


1517 


3.481 


.000659196 


.025675 


1518 


3.478 


.000658761 


.025666 


1519 


3.476 


.000658328 


.025658 


1520 


3.474 


.000657895 


.025649 


1521 


3.471 


.000657462 


.025641 


1522 


3.4C9 


.000657030 


.025633 


1523 


3.467 


.000656599 


.025624 
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Table 7. — Slopes. 



Slope, • 


Feet, 


a 


Vs. 


one in 


per mile. 


o« 


1524 


3.465 


.000656168 


.025616 


1525 


3.462 


.000655737 


.025607 


1526 


3.460 


.000655308 


.025599 


1527 


3.458 


.000654879 


.025591 


1528 


3.456 


.000654450 


.025582 


1529 


3.453 


.000654022 


.025579 


1530 


3.451 


.000653595 


.025566 


1531 


3.449 


.000653168 


.025557 


1532 


3.447 


.0006,52741 


.025549 


1533 


3.444 


.000652316 


.025540 


1534 


3.442 


.000651890 


.025532 


1535 


3.440 


.000652117 


.025524 


1536 


3.438 


.000651042 


.025516 


1537 


3.435 


.000650618 


.025507 


1538 


3.433 


.000650195 


.025499 


1539 


3.431 


.000649773 


.025491 


1540 


3 . 429 


.000649351 


.025482 


1541 


3.426 


.000648930 


.025474 


1542 


3.424 


.000648502 


.025466 


1543 


3.422 


.0006 48988 


.025457 


1544 


3.420 


.000647668 


.025449 


1545 


3.417 


.000647275 


.025441 


1546 


3.415 


.000646831 


.02543S 


1547 


3.413 


.000646412 


.025425 


1548 


3.411 


.000645995 


.025416 


1549 


3.409 


000645578 


.025408 


1550 


3.407 


.000645161 


.025400 


1551 


3.404 


.000644745 


.025392 


1552 


3.402 


.000644330 


.025384 


1553 


3.400 


.000643915 


.025375 


1554 


3.398 


.000643501 


.025367 



102 



Table 7. — Slopes. 



Slope, Feet, 
one in per mile. 



8, 



1555 


3.396 


.000643087 


.025859 


1556 


3.394 


.000642674 


.025351 


1557 1 


3.392 


.000642261 


.025343 


1558 | 


3.389 


.000641848 


.025335 


1559 ; 


3.387 


.000641437 


.025327 


1560 | 


3.385 


.000641025 


.025318 


1561 


3.382 


.000640615 


.025310 


1562 


3.380 


.000640205 


.025302 


1563 


3.378 


.000633397 


.025294 


1564 


3.376 


.000639386 


.025286 


1565 


3.374 


.000638978 


.025278 


1566 


3.372 


.000638570 


.025270 


1567 


3.370 


.000638162 


.025262 


1568 ' 


3.367 


.000637755 


.025254 


1569 


3.365 


.000637349 


.025246 


1570 


3.363 


.000636948. 


025238 


1571 


3.361 


.000636537 


.025230 


1572 ; 


3.359 


.000636132 


.025222 


1573 | 


3.357 


.000635728 


.025214 


1574 1 


3.355 


.000635324 


.025206 


1 ~ T 


3.352 


.000634921 


.025198 


1576 


3.350 


.000634518 


.025190 


1577 


3.348 


.000634115 


.025182 


1578 ! 


3.346 


.000633714 


.025174 


1579 


3.344 


.000633312 


.025166 


1580 


3.342 


.000632911 


.025158 


1581 


3.340 


.0006b2511 


.025150 


1582 


3.338 


.000632112 


.025142 


1583 


3.335 


.000631712 


.025134 


1584 


3.333 


.000631313 


.025126 


1585 


3.331 


.000630915 


.025118 



Vs. 
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TABiiE 7. — Slopes. 



Slope, 


Feet, 


8. 


4 *. 


one in 


per mile. 




1586 


3.329 


.000630517 


.025110 


1587 


3.327 


.000630120 


.025102 


1588 


3.325 


.000629323 


.025094 


1589 


3.323 


.000629327 


.025086 


1590 


3.321 


.000628931 


.025078 


1591 


3.319 


.000628535 


.025071 


1592 


3.317 


.000628141 


.025063 


1593 


3.315 


.000627746 


.025055 


1594 


3.312 


.000627353 


.025047 


1595 


3.310 


.000620959 


.025039 


1596 


3.308 


.000626566 


.025031 


1597 


3.306 


.000626174 


.025023 


1598 


3.304 


.000625782 


.025016 


1599 


3.302 


.000625301 


.025008 


1600 


3.S00 


.000025000 


.025000 


1601 


3.298 


.000624609 


.024992 


1602 


3.296 


.000624220 


.024984 


1603 


3.294 


.000623805 


.024976 


1604 


3.292 


.000623441 


.024969 


1605 


3.290 


.000623053 


.024961 


1606 


3.1188 


.000622655 


.024953 


1607 


3.286 


.000622277 


.024046 


1608 


3.284 


.000021891 


.024038 


1609 


3.282 


.000621504 


.024030 


1610 


3.280 


.000621118 


.024022 


1611 


3.277 


.000620732 


.024015 


1612 


3.275 


.000620347 


.024007 


1613 


3.273 


000619963 


.024809 


1614 


8.271 


.000610579 


.024801 


1615 


3.269 


.000619195 


.024884 


1616 


3.267 


.000618812 


.024876 
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Table 7. — Slopes. 



Slope, 


Feet, 










8. 


Vs. 


one in 


per mile. 






1617 


3.265 


.000618429 


.024868 


1618 


3.263 


.000618047 


• .024861 


1610 


3.261 


.000617665 


.024853 


1620 


3.259 


.000617284 


.024845 


1621 


3.257 


.000816903 


.024838 


1622 


3.255 


.000616523 


.024830 


1623 


3.253 


.000616143 


.024822 


1624 


3.251 


.000615764 


.024815 


1625 


3.249 


.000615384 


.024807 


1626 


3.247 


.000615006 


.024799 


1627 


3.245 


.000614628 


.024792 


1628 


3.243 


.000614251 


.024784 


1629 


3.241 


.000613874 


.024776 


1630 


3 239 


.000613497 


.024769 


1631 


3 237 


.000613121 


..024761 


1632 


3.235 


.000612746 


. 024754 


1633 


3.233 


.000612370 


.024746 


1634 


3.231 


.000611995 


.024789 


1935 


3.229 


.000611621 


.024731 


1636 


3.227 


.000611247 


.024723 


1637 


3.225 


.000610874 


.024716 


1638 


3.223 


.000610501 


.024708 


1639 


3.222 


.000610128 


.024701 


1640 


3.220 


.000609756 


.024693 


1641 


3.218 


.000609385 


.024686 


1642 


3.216 


.000609013 


.024678 


1543 


3.214 


.000608643 


.024671 


1644 


3.212 


.000608273 


.024664 


1645 


3.210 


.000607900 


.024656 


1646 


3.208 


.000607527 


.024648 


1647 


8.206 


.000607164 


.024641 
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Table 7. — Slopes. 



Slope, 



Feet, 



one in j per mile. 



1648 


3.204 


.000606801 


.024633 


1649 


3.202 


.000606428 


.024626 


1650 


3.200 


.000606060 


.024618 


1651 


3.198 


.000605694 


. 024612 


1652 


3.196 


.000605327 


.024603 


1653 


3.194 


.000604961 


.024596 


1654 


3.192 


.000604595 


.024589 


1655 


3.190 


.000604230 


.024581 


1656 


3.188 


.000603865 


.024574 


. 1657 


3.186 


.000603500 


.024566 


1658 


3.185 


.000603133 


.024559 


1659 


3.183 


.000602773 


.024551 


1660 


3.181 


.000602409 


.024544 


1661 


8.179 


.000602047 


.024537 


1662 


3.177 


.000601685 


.024529 


1663 


3.175 


.000601323 


.024522 


1664 


3.173 


.000600962 


.024515 


1665 


3.171 


.000600601 


.024507 


1666 


3.169 


.000^0240 


.024500 


1667 


3.167 


.000599880 


.024492 


1668 


3. 165 


.000599520 


.024485 


1669 


3.164 


.000599161 


.024478 


1670 


3.162 


.000598802 


.024470 


1671 


3.160 


.000598444 


.024463 


1672 


3.158 


.000598086 


.024456 


1673 


3.156 


.000597729 


.024448 


1674 


3.154 


.000597371 


.024441 


1675 


3.152 


.000597015 


.024434 


1676 


3.150 


.000596659 


.024427 


1677 


3.148 


.000596303 


.024420 


1678 


3.147 


.000595948 


.024413 



Vs. 
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Table 7. — Slopes. 




Slope, 


Feet, 






one in 


per mile. 


8. 

• 


4*. 


1679 


3.145 


.000595593 


.024405 


1680 


3.143 


.000595238 


.024398 


1681 


3.141 


.000594884 


.024390 


1682 


3.139 


.000594530 


.024383 


1683 


3.137 


.000594177 


.024376 


1684 


3.135 


.000593824 


.024369 


1685 


3.134 


.000593472 


.024361 


1686 


3.132 


.000593102 


.024354 


1687 


3.130 


.000592768 


.024347 


1688 


3.128 


.000592417 


.024340 


1689 


3.126 


.000592066 


.024332 


1690 


3.124 


.000591717 


.024325 


1691 


3.122 


.000591366 


.024318 


1692 


3.121 


.000501017 


.024311 


1693 


3.119 


.000590667 


.024304 


1694 


3.117 


.000590319 


.024297 


1695 


3.115 


.000589471 


.024290 


1696 


3.113 


.000589622 


.024282 


1697 


3.111 


.000589275 


.024275 


1698 


3.110 


.000588928 


.024268 


1699 


3.108 


.000588582 


.024261 


1700 


3.106 


.000588235 


.024254 


1701 


3.104 


.000587889 


.024246 


1702 


3.102 


.000587545 


.024239 


1703 


3.100 


.000587199 


.024232 


1704 


3.099 


.000586854 


.024225 


1705 


3.097 


.000586510 


.024218 


1706 


3.095 


.000586166 


.024211 


1707 


3.093 


.000585823 


.034204 


1708 


3.091 


.000585480 


.024197 


1709 


3.090 


.000585138 


.024190 
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Table 7 — Slopes. 




Slope, 


Feet, 










s. 


Vs. 


one in 


per mile. 






1710 


3.088 


.000584795 


.024133 


1711 


3.086 


.000584453 


.024175 


1712 


3.084 


.000548112 


.024168 


1*13 


3.083 


.000583771 


.024161 


1714 


3.081 


.000583431 


.024154 


1715 


3.079 


.000583090 


.024147 


1716 


3.077 


.000582751 


.024140 


1717 


3.075 


.000582411 


.024133 


1718 


3.073 


.000582072 


.024126 


1719 


8.072 


.000581734 


.024119 


1720 


3.070 


.000581395 


.024112 


1721 


3.068 


.000581058 


. 024105 


1722 


3.066 


.000580720 


.024098 


1723 


3.064 


.000580384 


.024091 


1724 


3.063 


.000580046 


.024084 


1725 


3.061 


.000579710 


.024077 


1726 


3.060 


.000579374 


.024070 


1727 


3.058 


.000579039 


.024063 


1728 


3.056 


.000578704 


.024056 


1729 


3.054 


.000578369 


.024049 


1730 


3.052 


.000578035 


.024042 


1731 


3.050 


.000577701 


.0^4035 


1732 


3.048 


.000577367 


.024028 


1733 


3.047 


.00*77034 


.024021 


1734 


3.045 


.000576701 


.024015 


1735 


3.043 


.000576369 


.024008 


1736 


3.041 


.009576037 


.024001 


1737 


3.040 


.000575705 


.023994 


1738 


3.038 


.000275374 


.028987 


1739 


3.036 


.000575043 


,023980 


1740 


3.035 


.000574712 


.023973 
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Table 7. — Slopes. 



Slope, 


Feet, 










8. 


Vs. 


one in 


per mile. 






17*1 


3.033 


.000574382 


.023966 


1742 


3.031 


.000574053 


.023959 


1743 


3.029 


.000572723 


.023953 


1744 


3.028 


.000573394 


.023946 


1745 


3.026 


.000573066 


.023939 


1746 


3.024 


.000572738 


.023932 


1747 


3.022 


.000572410 


.023925 


1748 


3.021 


.000572082 


.023918 


1749 


3.019 


.000-71755 


.023911 


1750 


3.017 


.000571429 


.023905 


1751 


3.015 


.000571102 


.023898 


1752 


3.014 


.000570776 


.023891 


1753 


3.012 


.000570451 


.023884 


1754 


3.010 


.000570160 


.023878 


1755 


3.009 


.000569801 


.023871 


1756 


3.007 


.000569476 


.023864 


1757 


3.005 


.000569152 


.023857 


1758 


3.003 


.000568828 
.000568584 


.023850 


1759 


3.002 


.023843 


1760 


3.000 


.000568182 


.023837 


1761 


2.998 


.000567859 


.023850 


1762 


2.997 


.000567537 


.023823 


1763 


2.995 


..000567215 


.023816 


1764 


2.993 


•.000566893 


.023809 


1765 


2.992 


.000566572 


.023803 


1766 


2.990 


.000566251 


.023796 


1767 


2.988 


.000565931 


.023789 


1768 


2.986 


.000565612 


.023783 


1769 


2.985 


.000565291 


.023776 


1770 


2.983 


.000564972 


.023769 


1771 


2.981 


.000564653 


.023762 
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Table 7. — Slopes. 




Slope, 


Feet, 






« 




8. 


Vs. 


one in 


per mile. 






1772 


2.980 


.000564334 


.023756 


1773 


2.978 


.000564016 


. 023749 


1774 


2.976 


.000563692 


.023742 


1775 


2.975 


.000563380 


.023736 


1776 


2.973 


.000563063 


.023729 


1777 


2.971 


.000562746 


.023722 


1778 


2.969 


. 000562430 


.023716 


1779 


2.968 


.000562114 


.023709 


1780 


2.966 


.000561798 


.023702 


1781 


2.965 


.000561482 


.023696 


1782 


2.963 


.000561168 


.023689 


1783 


2.961 


.000560852 


.023682 


1784 


2.960 


.000560538 


.023676 


1785 


2.958 


.000560224 


.023662 


1786 


2.956 


.000559910 


.023663 


1787 


2 955 


.000559597 


.023656 


1788 


2.953 


.000559284 


.023649 


1789 


2.951 


.000558972 


.023643 


1790 


2.950 


.000558659 


.023636 


1791 


2.948 


.000558347 


.023629 


1792 


2.946 


.000558036 


.023623 


1793 


2.945 


.0U0557724 


.023616 


1794 


2 943 


.000557414 


.023610 


1795 


2.942 


.000557103 


.023603 


1796 


2.940 


.000556793 


.023596 


1797 


2.938 


.000556483 


.023589 


1798 


2.937 


.000556173 


.023583 


1799 


2.935 


.000555864 


.023577 


1800 


2.933 


.000555555 


.023570 


1801 


2.932 


.000555247 


.023564 


1802 


2.930 


.000554939 


.023557 
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Table 7. — Slopes. 



Slope, 


Feet, 










& 


1*. 


one in 

i 


per mile. 
2.928 






1803 


.000554631 


.023551 


1804 


2.927 


.000554324 


.023544 


1805 


2.925 


.000554017 


.023538 - 


1806 


2.924 


.000553798 


.023531 


1807 


2.922 


.000553403 


.023525 


1808 


2.920 


.000553097 


.023518 


1809 


2.919 


.000552792 


.023512 


1810 


2.917 


.000552486 


.023505 


1811 


2.915 


.000552181 


.023499 


1812 


2.914 


.000551876 


.023192 


1813 


2.9L2 


.000551572 


.023486 


1814 


2.911 


.000551268 


.023479 


1815 


2.909 


.000550964 


.023473 


1816 


2.908 


.000550661 


.023466 


1817 


2.906 


.000550358 


.023460 


1818 


2.904 


.000550055 


.023453 


1819 


2 . 903 


.000549742 


.023447 


1820 


2 . 901 


.000549451 


. 023440 


1821 


2.900 


.000549149 


.023434 


1822 


2 898 


.000548847 


.023427 


1823 


2.896 


.000548546 


.023421 


1824 i 


2 . 895 


.000548246 


.023415 


1825 


2.893 


.0005 17945 


.023408 


1826 


2.892 


.000547695 


.023402 


1827 


2.890 


.000547344 


.023395 


182S 


2.888 


.000547046 


.023389 


1829 


2.887 


.00054(1747 


.023383 


1830 


2 . 885 


.000546448 


.023376 


1831 


2.884 


.000546150 


.023370 


1832 


2 . 882 


.0005 15852 


.023363 


1833 


2.881 


.000545554 


.023357 
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Table 7. — Slopes. 



Slope, 


Feet, 






one in 


per mile. 


8. 


Vs. 


1834 


2.879 


.000545256 


.023351 


1835 


2.877 


.000544949 


.023344 


1636 


2.876 


.000544662 


.023338 


1837 


2.874 


.000544437 


.023331 


1838 


2.873 


.000544096 


023325 


1839 


2.871 


.000543774 


.023319 


1840 


2.870 


.000543478 


.023313 


1841 


2.868 


.000543183 


.02330& 


1842 


2.866 


.000542888 


.023300 


1843 


2.865 


.000542594 


.023294 


1844 


2.863 


.000542299 


.023287 


1845 


2.862 


.000542005 


.023281 


1646 


2.860 


.000541712 


.023275 


1847 


2 859 


.000541419 


.023268 


1848 


2 858 


.000541126 


.023262 


1849 


2.856 


.000540833 


023256 


1850 


2.854 


.000540541 


.023250 


1851 


2.853 


.000540249 


.023243 


1852 


2.851 


.000539957 


.023237 


1853 


2.849 


.000539611 


.023230 


1854 


2.848 


.000539374 


.023224 


1855 


2.847 


.000539084 


.023218 


1856 


2.845 


.000538793 


.023212 


1857 


2.843 


.000538503 


.023206 


1858 


2.842 


.000538213 


.023199 


1859 


2.840 


.000537924 


.023193 


1860 


2.839 


.000537633 


.023187 


1861 


2.837 


.000537346 


.023181 


1862 


2.836 


.000537057 


.023174 


1863 


2.834 


.000536769 


.023168 


1864 


2.833 


.000536481 


.023162 
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Table 7. — Slopes. 



Slope, 


Feet, 




» 






8. 


V7. 


one in 


per mile. 






1865 


2.831 


.000536193 


.023156 


1866 


2.830 


.000535906 


.023150 


1867 


2.828 


.000535613 


.023143 


1868 


2.827 


.000535332 


.023137 


1869 


2.825 


.000535046 


.023131 


1870 


2.822 


.000534759 


.023125 


1871 


2.822 


.000534474 


.023119 


1872 


2.821 


.000534188 


.023112 


1873 


2.819 


.000533903 


.023106 


1874 


2.818 


.000533618 


.023100 


1875 


2.816 


.000533333 


.023094 


1876 


2.815 


.000533049 


.023088 


1877 


2.813 


.000532765 


.023082 


1878 


2.812 


.000532481 


.023076 


1879 


2.810 


.000532198 


.023069 


1880 


2.809 


.000531915 


.023063 


1881 


2.807 


.000531632 


.023057 


1882 


2.806 


.000531344 


.023051 


1883 


2.804 


.000531067 


.023045 


1884 


2.803 


.000530786 


.023039 


1885 


2.801 


.000530504 


.023033 


1886 


2.800 


.000530223 


.023027 


1887 


2.798 


.000529940 


.023020 


1888 


2.797 


.000529661 


.023014 


1889 


2.795 


.000529381 


.023008 


1890 


2.794 


.000529101 


.023002 


1891 


2.792 


.000528821 


.022996 


1892 


2.791 


.000528541 


.022990 


1893 


2.789 


.000528262 


.022984 


1894 


2.788 


.000527983 


.022978 


1895 


2.786 


.000527705 


.022972 
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Table 7. — Slopes. 



Slope, 
one in 


Feet, 
per mile. 


8. 


\'n. 


1896 
1897 
1898 
1899 
190Q 


2.785 
2.783 
2.782 
2.780 
2.779 


.000527426 
.000527148 
.000526870 
.000526593 
.000526316 


.022966 
.022960 
.022954 
.022948 
.022942 
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Table 8. — Comparison of coefficients (c) 
in the formula. 

D'Arcy's coefficient for clean pipes under 
pressure. — Kutter's coefficients for 
pipes flowing full with rc=.011 and 
5=:.001. 



Diameter. 


D'Arcy's Co- 
efficients for 


Kutter's Coeffi- 
cient, ft=.011. 


Ft. 


Ins. 


clean pipes. 


*=.00l. 





5 


103.8 


82.9 





6 


105.3 


87.4 





7 


106.4 


91.5 





8 


107.2 


95.0 





9 


107.9 


97.9 





ID 


108.5 


100.5 





11 


108.9 


103.3 







109.3 


105.7 




2 


109.9 


109.5 




4 


110.4 


113.0 




6 


110.7 


116.2 




8 


111.0 


118.8 




10 


111.3 


121.3 
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Table 8. 



Diameter. 


D'Arcy's Co- 
efficients for 


Kutter's Coeffi- 
cient, 7*=. Oil. 


Ft 


Ins. 


clean pipes. 


«=.oei. 


2 





111.6 


123. G 


2 


3 


111.7 


126.5 


2 


6 


111.9 


129.1 


2 


9 


112,1 


131.5 


3 





112.2 


133.6 


3 


3 


112.3 


135.6 


3 


6 


112.4 


137.2 


3 


9 


112.5 


138.8 


4 





112.6 


140.4 


4 


3 


112.7 


141.7 


4 


6 


112.7 


143.0 


5 





112.8 


145.4 


5 


6 


112.9 


147. 6 


6 





113.0 


149.5 


6 


6 


113.0 


151.2 


7 





113.1 


152.7 


8 





113.2 


155.4 


. 9~. 


- 


113.2 


157.7 


10 





113.3 


159.7 
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Table 9. — Of coefficients (c) from the for- 
mulae of D'Arcy, Kutter and Fanning 
for small pipes below 5 inches in di- 
ameter. 



V=cVr& 



DiflTQ- 


c«) 


0) 


00 


00 


eter 


D'Arcy's 

Co- 


Kutter's 
Go-efficient 


Kutter* s 
Go-efficient 


Fan- 
ning^ 


in 
inches 


efficient 
for 
clean, 
pipes. 


from 
formula 

w=.011 
*=.001 


recom-* 
mended 

by 

L. D. A. 
Jackson. 


Go-effi- 
cient 

for clean 

iron 

pipes. 


f 


59.4 


32.0 


82.9 




| 


65.7 


36.1 


82.9 




4 


74.5 


42.6 


82.9 




1 80.4 


47.4 


82.9 


80.4 


11 1 84.8 


51.9 


82.9 




if ; 88.1 


55.4 


82.9 


88.0 


l| , 90.7 


58.8 


82.9 


92.5 


2 i 92.9 


61.5 


82.9 


94.8 


2i 1 96.1 


66.0 


82.9 




3 ! 98 5 


70.1 


82.9 


96.6 


4 ! 101.7 


77.4 


82.9 


103.4 


5 1 103.8 

i 


82.9 


82.9 
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Table 10. — Showing the velocity in feet 
per second in pipes, by Kutter's for- 
mula (6) and also by the tables, the 
value of n being .011. 



Diameter, 


Slope, 


Velocity, 


Velocity, 


Feet. 


Inches. 


one in 


by Kutter's 
formula. 


by Flynn's 
tables. 


1 





66 


6.62 


6.51 


1 





2640 


1.02 


1.03 


2 





66 


10.89 


10.75 


2 





2640 


1.67 


1.70 


4 





66 


17.52 


17.18 


4 





2640 


2.70 


2.73 


6 





66 


22.63 


22.54 


6 





2640 


3.54 


3.56 



118 



Table 11. — Showing the velocity in feet 
per second in pipes, by Kutter's for- 
mula (6) and also by the tables, the 
value of n being .013. 



Diameter, 


Slope, 


Velocity, 


Velocity, 


Feet. 


Inches. 


one in 


by Kutter's 
formula. 


by Flynn's 
tables. 


1 





66 


5.34 


5.25 


1 





2640 


0.81 


0.83 


2 





66 


8.91 


8.80 


2 





2640 


1.36 


1.89 


4 





66 


14.44 


14.84 


4 





2640 


2.24 


2.27 


6 





66 


18.91 


18.82 


6 





2640 


2.94 

I 


2.98 

t 
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cloth a oo 

Ceramic Art. A Report on Pottery, Porcelain, 

Tiles, Terra-Cotta, and Brick. 8vo, cloth a oo 

BLAKESLEY (T. H.) Alternating Currents of Elec- 
tricity. For the use of Students and Engineers. 

12IDO, Cloth. . I 50 

BLYTH (A. WYNTER, M.R.C.S^ F.C.S.) Foods : their ' 
Compositions and Analysis. Crown 8vo, cloth 6 00 

Poisons : their Effects and Detection. Crown 8vo, 

cloth 6 00 

BODMER (G. R.) Hydraulic Motors; Turbines and 
Pressure Engines, for the use of Engineers, Manu- 
facturers, and Students. With numerous il lustra- 
tions. i2mo, cloth 500 

BOTTONE (S. R.) Electrical Instrument Making for 

Amateurs. With 48 illustrations. i2mo, cloth 50 

■ Electric Bells, and all about them. Illustrated. 

i2mo, cloth 50 

^— — The Dynamo : How Made and How Used. 12000, 

cloth 100 

— — — Electro Motors : How Made and How Used. iamo. 
cloth 50 

BONNEY (G. E.) The Electro-Platers' Hand-book. 60 

Illustrations. 12010, cloth 130 

BOW (R. H.) A Treatise on Bracing. With its applica- 
tion to Bridges and other Structures of Wood or Iron. 
156 illustrations. 8vo, cloth 150 

BOWSER (Prof. E. A.) An Elementary Treatise on 
Analytic Geometry. Embracing plain Geometry t and 
an Introduction to Geometry of three Dimensions. 
i2mo, cloth. Thirteenth edition x 75 

An Elementary Treatise on the Differential and 
Integral Calculus. With numerous examples. 12010, 
cloth. Twelfth edition 2 35 

An Elementary Treatise on Analytic Mechanics. 
With numeroi\s examples. i2mo, cloth. Fifth edi- 
tion 300 
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BOWSER (Prof. E. A.) An Elementary Treatise on 
Hydro-mechanics. With numerous examples, xamo, 
cloth. Third edition a 50 

BOWIE (AUG. J.. Jun., M. E.) A Practical Treatise on 
Hydraulic Mining in California. With Description of 
the Use and Construction of Ditches, Flumes, 
Wrought-iron Pipes, and Dams; Flow of Water on 
Heavy Grades, and its Applicability, under High 
Pressure, to Mining. Third edition. Small quarto, 
cloth. Illustrated 50c 

BURGH (N. P.) Modern Marine Engineering, applied 
to Paddle and Screw Propulsion. Consisting of 36 

3 colored plates, 259 practical woodcut illustrations, and 

403 pages of descriptive matter. Thick 4to vol., half 

1 morocco 10 00 

1 

'; BURT (W A.) Key to the Solar Compass, and Survey- 
■' or's Companion. Comprising all the rules necessary 
■■' for use in the field. Pocket-book form, tuck 2 50 

CALDWELL (Prof. GEO. C, and BRENEMAN (Prof. 
i A. A.) Manual of Introductory Chemical Practice. 
• 8vo, cloth. Illustrated x 50 

3 CAMPIN (FRANCIS). On the Construction of Iron 
1 Roofs. A Theoretical and Practical Treatise, with 
wood-cuts and plates of Roofs recently executed. 8vo, 
cloth 200 

i CLEEMAN (THOS. M.) The Railroad Engineer's Prac- 
i tice. Being a Short but Complete Description of the 

" Duties of the Young Engineer in the Preliminary and 

,1 Location Survevs and in Construction. Fourth edition, 

a revised and enlarged. Illustrated, istmo, cloth 200 

I CLARK (D. KINNEAR, C.E.) A Manual of Rules, 

\. Tables and Data for Mechanical Engineers. Illus- 

: trated with numerous diagrams. 1012 pages. 8vo, 

cloth 5 00 

Half morocco 7 50 



Fuel ; its Combustion and Economy, consisting of 



abridgments of Treatise on the Combustion of Coal. 
By C. W. Wilii&ms; and the Economy of Fuel, by 
T. S. Prideaux, With extensive additions in recent 
practice in the Combustion and Economy of Fuel, 
Coal, Coke, Wood, Peat, Petroleum, etc. 12010, cloth, x 50 
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CLARK (D. KINNEAR, C.E.) The Mechanical En- 
gineer's Pocket Book of Tables, Formulae, Rules, 
and Data. A Handy Book of Reference for Daily 
Use in Engineering Practice. i6tno, morocco 3 00 



(JACOB M.) A new System of Laying Out Rail- 
ay Turn-outs h 
i2mo, leatherette 



way Turn-outs »i>stantly, by inspection from tables. 1 



CLEVENGER (S. R.) A Treatise on the Method of ' 
Government Surveying as prescribed by the U. S. 
Congress and Commissioner of the General Land 
Office. i6mo, morocco 2 50 

COLBURN (ZERAH). The Gas-Works of London. - 
12Q10, boards 60 

COLLINS (JAS. E.) The Private Book of Useful Alloys 
and Memoranda for Goldsmiths, Jewellers, etc. i8mo, 
cloth so 

CORNWALL (Prof. H. B.) Manual of Blowpipe An- 
alysis, Qualitative and Quantitative. With a Com- 
plete System of Descriptive Mineralogy. 8vo, clcth, 
with many illustrations 2 50 

CRAIG (B. F.) Weights and Measures. An account of 
the Decimal System, with Tables of Conversion for 
Commercial and Scientific Uses. Square 32010, limp 
cloth 50 

CROCK KR (F. B.) and WHKELER (S. S.) The c ractical 
Management of Dynamos and Motors. Second edition, 
revised. i2tno, cloth. Illustrated , «•#. I"" 

GUMMING (LINNiEUS, M.A.) Electr .7 veated 
Experimentally. For the use of Scho ■■> &&.d Stu- 
dents. New edition, urao, cloth .. $* f ' 

DIXON (I). B.) The Machinist's and Steal S Sneer's 
Practical Calculator. A Compilation of ; jtikii Rules 
and Problems arithmetically solved, t £&her with 
General Information applicable to Sho; ">>c'3, Mill- ' 

Gearing, Pulleys and Shafts, Steam Bo' "id En- 
gines. Embracing valuable Tables and instruction 
in Screw cutting, Valve and Link Motion, etc. i6mo, 
full morocco, pocket form 2 oc 

DODD (GEO.) Dictionary of Manufactures, Mining, 

Machinery, and the Industrial Arts. 12 mo, cloth..... 1 50 
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DORR (B. F.) The Surveyor's Guide and Pocket Table 

Book. i8mo, morocco naps. Second edition 300 

DUBOIS (A. J.) The New Method of Graphic Statics. 

With 60 illustrations. 8vo, cloth 1 50 

EDDY (Prof. H. T.) Researches in Graphical Statics. 
Embracing New Constructions in Graphical Statics, a 
New General Method in Graphical Statics, and the 

. Theory of Internal Stress in Graphical Statics. 8vo, 

cloth x 50 

<*■ — Maximum Stresses under Concentrated Loads. 

Treated graphically. Illustrated. 8 vo, cloth 150 

"JSSLER (M.) The Metallurgy of Gold; a Practical 
Treatise on the Metallurgical Treatment of Gold- 
Bearing Ores. 187 illustrations. 12010, cl 5 00 

The Metallurgy of Silver; a Practical Treatise on 
the Amalgamation, Roasting, and Lixiviation of 
Silver Ores. 124 illustrations. 12010, cloth 4 00 



The Metallurgy of Argentiferous Lead ; a Practi- 



cal Treatise on the Smelting of Silver Lead Ores and 
the refining of Lead Bullion. With 183 illustrations. 
fcvo, cloth s 00 

ELIOT (Prof. C. W.) and STORER (Prof F. H.) A 
Compendious Manual of Qualitative Chemical An- 
alysis. Revised with the co-operation of the authors, 
by Prof. William R. Nichols. Illustrated. 17th edi- 
tion. Newly revised by Prof. W. B. Lindsay. 12010, 
cloth 1 50 

EVERETT (J. D.) Elementary Text-book of Physics. 

Illustrated. i2mo, cloth 140 

FANNING (J. T.) A Practical Treatise on Hydraulic 
and Water-supply Engineering. Relating to the 
Hydrology, Hydrodynamics, and Practical Construc- 
tion of Water-works in North America. Illustrated. 
8vo, cloth 500 

FISKE (Lieut. BRADLEY A., U. S. N.) Electricity in 
Theory and Practice ; or, The Elements of Electrical 
Engineering. 8vo, cloth 350 

FLEMING (Prof. A. J.) The Alternate Current Trans- 
former in Theory and Practice. Vol. I. — The Induc- 
tion of Electric Currents. Illustrated. P vo, cloth. . . . 3 00 
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FOLEY (NELSON), and THOS. PRAY, Jr. The Me- 
chanical Engineers* Reference-book for Machine and 
Boiler Construction, in two parts. Part I— General 
Engineering Data. Part 2— Boiler Construction. 
With fifty-one plates and numerous illustrations, 
specially drawn tor this work. Folio, half mor .95 on 

FORNEY (MATTHIAS N.) Catecrfism of the Locomo- 
tive. Revised and enlarged. 8vo, cloth. 3 59 

FOSTER (Gen. J. G., U. S. A.) Submarine Blasting m 
Boston Harbor, Massachusetts. Removal of Tower 
and Corwin Rocks. Illustrated with 7 plates. '410, 
cloth • 3 5* 

FRANCIS (Jas. B., C.E.) Lowell Hydraulic Experi- 
ments. Being a selection from experiments on Hy- 
draulic Motors, on the Flow of Water over Weirs, m 
open Canals of uniform rectangular section, and 
through submerged Orifices and diverging Tubes. 
Made at Lowell, Mass. Illustrated. 4to. cloth 15 on 

GERBER (NICHOLAS). Chemical and Physical An- 
alysis of Milk, Condensed Milk, and Infant's Milk- 
Food. 8vo, cloth ■ ss 

GILLMORE (Gen. Q. A.) Treatise on Limes, Hydraulic 
Cements, and Mortars. With numerous illustrations. 
8vo, cloth 4 on 



— Practical Treatise on the Construction of Roads, 
Streets, and Pavements. With 70 illustrations. 
i2mo, cloth .. 

Report on Strength of the Building-Stones in the 



United States, etc. Illustrated. 8vo, cloth x 

GOODEVE (T. M.) A Text-book on the Steam-Engine 
With a Supplement on Gas-Engines. 143 illustrations. 
i2mo, cloth n 



GORE (G., F.R.S.) The Art of Electrolytic Separatk 
of Metals, etc. (Theoretical and Practical.) Ilius- 
. trated. 8vo, cloth 3 

GORDON (J. E. H.) School Electricity Illustrations. 

i2mo, cloth... ,. t( 
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GRIMSHAW (ROBERT, M.E.) The Steam Boiler. 
Catechism. A Practical Book for Steam Engineers, 
Firemen and Owners and Makers of Boilers of any 
kind. Illustrated. Thick i8mo, cloth 

GRIFFITHS (A. B., Ph.D.) A Treatise on Manures, or 
the Philosophy of Manuring-. A Practical Hand-book 
for the Agriculturist, Manufacturer, and Student. 
i2tno, cloth 3 oc 

GRUNER (M. L.) The Manufacture of Steel. Trans- 
lated from the French, by Lenox Smith ; with an 
appendix on the Bessemer p-ocess in the United States, 
by the translator. Illustrated. 8vo, cloth 350 

GURDEN (RICHARD LLOYD). Traverse Tables: 
computed to 4 places Decimals for every ° pf angle 
up to 100 of Distance. For the use of Surveyors and 
Engineers. New edition. Folio, half mor 750 

HALSEY (F. A.) Slide-valve Gears, an Explanation of 
the Action and Construction of Plain and Cut-off Slide 
Valves. Illustrated. i2mo, cloth. Second edition., z 50 

HAMILTON (VV. G.) Useful Information for Railway 
Men. Tenth edition, revised and enlarged. 563 
pages, pocket form. Morocco, gilt a 00 

HARRISON (W. B.) The Mechanics 1 Tool Book. With 
Practical Rules and Suggestions for use of Machin- 
ists, Iron-Workers, and others. Illustrated with 44 
engravings, umo, cloth 159 

IIASKIN'S (C. H.) The Galvanometer ; ...jUses. A 

Manua] for Electricians and Student! . nmo, cloth.. 1 £3 

HAWKINS (C. C.)and WALLIS (F.) T 5 Dynamo, Its 

Theory, Design and Manufacture. 8v> ,cioth, 190 ills* $GD 

HEAP (Major D. P., U. S. A.) Electrical Appliances of 
the Present Day. Report of the Pai «5 Electrical Ex- 
position of 1881. 250 illustrations. 8 > cloth 9 0d 

HOUSTON (E. JO Dictionary of Electrical Words, 
Terms and Phrases. Third edition, revised and en- 
larged. 8vo, cloth 500 
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HERRMANN (GUSTAV). The Graphical Statics of 
Mechanism. A Guide for the Use of Machinists, 
Architects, and Engineers ; and also a Text-book for 
Technical Schools. Translated and annotated by 
A. P. Smith, M.E. 12010, cioth, 7 folding plates 2 00 

HEWSON (WM.) Principles and Practice of Embanking 
Lands from River Floods, as applied to the Levees of 
the Mississippi. 8vo, cloth 200 

HENRICI (OLAUS). Skeleton Structures, Applied to 

the Building of Steel and Iron Bridges. Illustrated . . 1 50 

HOBBS (W. R. P.) The Arithmetic of Electrical Meas- 
urements, with numerous examples. i2mo, cloth 50 

HOLLEY (ALEXANDER L.) Railway Practice. Amer- 
ican and European Railway practice in the Economi- 
cal Generation of Steam, including the Materials and 
Construction of Coal-burning Boilers, Combustion, 
the Variable Blast, Vaporization, Circulation, Super- 
heating, Supplying and Heating Feed-water, etc., 
and the Adaptation of Wood and Coke-burning 
Engines to Coal-burning; and in Permanent Way, 
including Road-bed, Sleepers. Rails, Joint Fastenings, 
Street Railways, etc. With 77 lithographed plates. 
Folio, cloth 12 00 

HOLMES (A. BROMLEY). The Electric Light Popu- 
larly Explained. Fifth edition. Illustrated, nmo, 
paper 40 

HOWARD (C. R.) Earthwork Mensuration on the 
Basis of the Prismoidal Formulae. Containing Sim- 
ple and Labor-saving Method of obtaining Prismoidal 
Contents directly from End Areas. Illustrated by 
Examples and accompanied by Plain Rules for Practi- 
cal Uses. Illustrated. 8vo, cloth 150 

HUMBER (WILLIAM, C. E.) A Handy Book for the 
Calculation of Strains in Girders, and Similar Struct- 
ures, and their Strength ; Consisting of Formulae and 
Corresponding Diagrams, with numerous details for 
practical application, etc. Fourth edition, 12x0, 
cloth 2 50 

HUTTON (W. S.) Steam-Boiler Construction. A Prac- 
tical Hand-book for Engineers, Boiler Makers, and 
Steam Users. With upwards of 300 illustrations. 
8vo, cloth 700 
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ISHERWOOD (B. F.) Engineering Precedents for 
Steam Machinery. Arranged in the most practical 
and useful manner for Engineers. With illustrations. 
2 vols, in i. 8 vo, cloth 25c 

JAMIESON (ANDREW C.E.) A Text-book on Steam 

and Steam-Engines. Illustrated. 12100, cloth 300 




by 
Plympton. 121110, cloth 150 

JONES (H. CHAPMAN). Text-book of Experimental 

Organic Chemistry for Students. i8mo, cloth 1 00 

JOYNSON (F. H.) The Metals used in Construction. 
Iron, Steel, Bessemer Metal, etc. Illustrated. i2mo, 
cloth 75 

- Designing and Construction of Machine Gearing. 

Illustrated. 8vo, cloth 2 00 

KANSAS CITY BRIDGE (THE). With an Account of 
the Regimen of the Missouri River and a Description 
of the Methods used for Founding in that River. By 
O. Chanute, Chief Engineer, and George Morrison, 
Assistant Engineer. Illustrated with 5 lithographic 
views and 12 plates of plans. 4to, cloth 6 00 

KAPP (GISBERT, C.E.) Electric Transmission of 
Energy and its Transformation, Subdivision, and Dis- 
tribution. A Practical Hand-book. 12010, cloth 300 

KEMPE (H. R.) The Electrical Engineer's Pocket 
Book of Modern Rules, Formulae, Tables, and Data. 
Illustrated. 32010, mor. gilt 175 

KENNELLEY (A. E.) Theoretical Elements of Electro- 
Dynamic Machinery. Vol.1. Illustrated. 8vo, cloth. 190 

KING (W. H.) Lessons and Practical Notes on Steam. 
The Steam-Engine, Propellers, etc., for Young Ma- 
rine Engineers, Students, and others. Revised by 

» Chief Engineer J. W. King, United States Navy. 

8vo, cloth 2 00 

KIRKALDY (WM. G.) Illustrations of David Kir- 
kaldy's System of Mechanical Testing, as Originated 
and Carried On by him during a Quarter of a Century. 
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Comprising a Large Selection of Tabulated Results, 
showing the Strength and other Properties of Ma- 
terials used in Construction, with Explanatory Text 
and Historical Sketch. Numerous engravings and 25 
lithographed plates. 4to, cloth . . . 25 00 

KIRKWOOD (JAS. P.) Report on the Filtration of 
River Waters for the supply of Cities, as practised in 
Europe. Illustrated by 30 double-plate engravings. 
4to, cloth 15 00 

LARRABEE (C. S.) Cipher and Secret Letter and Tele- 
graphic Code, with Hog's Improvements. i8mo, 
cloth 60 

LARDEN (W., M. A.) A School Course on Heat. i2mo, 

half leather 2 00 

LEITZE (ERNST). Modern Heliographic Processes. 
A Manual of Instruction in the Art of Reproducing 
Drawings, Engravings, etc., by the action of Light. 
With 32 wood-cuts and ten specimens of Heliograms. 
8vo, cloth. Second edition 300 

LOCKWOOD (THOS. D.) Electricity, Magnetism, and 
Electro-Telegraphy. A Practical Guide for Students, 
Operators, and Inspectors. 8vo, cloth. Third edi- 
tion 2 50 

LODGE (OLIVER J.) Elementary Mechanics, includ- 
ing Hydrostatics and Pneumatics. Revised edition. 
i2mo, cloth 1 20 

LOCKE (ALFRED G. and CHARLES G.) A Practical 

Treatise on the Manufacture of Sulphuric Acid. 
With 77 Constructive Plates drawn to Scale Measure- 
ments, r-\d other Illustrations. Royal 8vo, cloth 15 00 

LOVELL (D. H.) Practical Switch Work. A Hand- 
book for Track Foremen. Illustrated i2mo, cloth.. 1 50 

LUNGE (GEO.) A Theoretical and PracticalTreati.se 
on the Manufacture of Sulphuric Acid and Alkali with 
the Collateral Branches. Vol. I. Sulphuric Acid. 
Second edition, revised and enlarged. 342 Illustra- 
tions. 8vo., cloth. . . 15 00 . 

and HUNTER F.) The Alkali Makers Pocket- 

Book. Tables and Analytical Methods for Manufac- 
turers of Sulphuric Acid, Nitric Acid, Soda, Potash 

'*». Second edition, ismo, cloth 300 
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M ACCORD (Prof. C. W.) A Practical \ »iise on tne 
Slide- Valve by Eccentrics, examining by methods the 
action of the Eccentric upon the Slide-Valve, and 
explaining the practical processes of laying out the 
movements, adapting the Valve for its various duties 
in the Steam- Engine. Illustrated. 4to, cloth 2 • 

MAYER (Prof. A. M.) Lecture Notes on Physics. 8vo. 
cloth : 2 c 

McCULLOCH (Prof. R. S.) Elementary Treatise on the 
Mechanical Theory of Heat, and its application to Air 
and Steam Engines. 8vo, cloth 3 j 

MERRILL (Col. WM. E., U. S. A.) Iron Truss Bridges 
for Railroads. The method of calculating strains in 
Trusses, with a careful comparison of the most promi- 
nent Trusses, in reference to economy in combination, 
etc. Illustrated. 4to, cloth 5 < 

METAL TURNING. By a Foreman Pattern Maker. 
Illustrated with 81 engravings. i2mo, cloth 1 ; 

MINIFIE (WM.) Mechanical Drawing. AText-bookof 
Geometrical Drawing for the use of Mechanics and 
schools, in which the Definitions and Rules of Geom- 
etry are familiarly explained ; the Practical Problems 
are arranged from the most simple to the more com- 
plex, and in their description technicalities are avoided 
as much as possible. With illustrations for Drawing 
Plans. Sections, and Elevations of Railways and Ma- 
chinery ; an Introduction to Isometrical Drawing, and 
an Essay on Linear Perspective and Shadows. Illus- 
trated with over 200 diagrams engraved on steel. 
With an appendix on the Theory and Application of 
Colors. 8vo, cloth 4 « 

Geometrical Drawing. Abridged from the octavo 

edition, for the use of schools. Illustrated with 48 
steel plates. Ninth edition. 12Q10, cloth 21 

MODERN METEOROLOGY. A Series of Six Lectures, 
delivered under the auspices of the Meteorological 
Society in 1878- Illustrated. i2mo, cloth 1 

MOONEY (WM.) The American Gas Engineers' and 
Superintendents' Hand-book, consisting of Rules, 
Reference Tables, and original matter pertaining to 
the Manufacture, Manipulation, and Distribution jf 
Illuminating Gas. Illustrated. i2mo, morocco . ..31 



SCIENTIFIC PUBLICATIONS. 1 3 

MOTT (H. A., Jun.) A Practical Treatise on Chemistry 
(Qualitative and Quantitative Analysis), Stoichi-, 
ometry, Blow-pipe Analysis, Mineralogy, Assaying, 
Pharmaceutical Preparations. Human Secretions, 
Specific Gravities. Weights and Measures, etc. New 
Edition, 1883. 650 pages. 8vo, cloth 400 

MULLIN (JOSEPH P , M.E.) Modern Moulding and 
Pattern-making. A Practical Treatise upon Pattern- 
Shop and Foundry Work: embracing the Moulding 
of Pulleys, Spur Gears, Worm Gears, Balance-wheels, 
Stationary Engine and Locomotive Cylinders, Globe 
Valves, Tool Work, Mining Machinery. Screw Pro- 
pellers, Pattern-shop Machinery, and the latest im- 
provements in English and American Cupolas ; 
together with a large collection of original and care- 
fully selected Rules and Tables for every-day use in 
the Drawing Office, Pattern-shop, and Foundry. 
i2mo, cloth, illustrated 250 

MUNRO (JOHN, C.E.) and JAMIESON (ANDREW, 
C.E.) A Pocket-book of Electrical Rules and 
Tables for the use of Electricians and Engineers. 
Seventh edition, revised and enlarged. With numer- 
ous diagrams. Pocket size. Leather 250 

MURPHY (J. G., M.E.) Practical Mining. A Field 
Manual for Mining Engineers. With Hints for In- 
vestors in Mining Properties. i6mo, morocco tucks. . 1 50 

NAQUET (A.) Legal Chemistry. A Guide to the De- 
tection of Poisons. Falsification of Writings, Adulter- 
ation of Alimentary and Pharmaceutical Substances, 
Analysis of Ashes, and examination of Hair, Coins, 
Arms, and Stains, as applied to Chemical Jurispru- 
dence, for the use of Chemists. Physicians, Lawyers, 
Pharmacists and Experts. Translated, with addi- 
tions, including a list of books and memoirs on Toxi- 
cology, etc., from the French, by J. P. Battershall, 
Ph.D., with a preface by C. F. Chandler, Ph.D., 
M.D., LL.D. i2mo, cloth 2 00 

NEWALL (J. W.) Plain Practical Directions for Draw- 
ing, Sizing and Cutting Bevel-Gears, showing how the 
Teeth may be cut in a plain Milling Machine or Gear 
Cutter so as to give them a correct shape, from end 
io end: and showing how to get out all particulars for 
(he Workshop without making any Drawings. In- 
cluding a full set of Tables of Reference. Folding 
Elates, 8vo., cloth. 3 00 
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NEWLANDS (JAMES). The Carpenter's and Joiners' 
Assistant : being a Comprehensive Treatise on the 
Selection, Preparation and Strength of Materials, and 
the Mechanical Principles of Framing, with their 
application in Carpentry, Joinery, and Hand-Railing ; 
also, a Complete Treatise on Sines ; and an illustrated 
Glossary of Terms used in Architecture and Building. 
Illustrated. Folio, half mor 15 00 

NIB LETT (J. T.) Secondary Batteries. Illustrated. 

1 2 mo, cloth x 50 

NIPHER (FRANCIS E., A.M.) Theory of Magnetic 
Measurements, with an appendix on the Method of 
Least Squares. 12010, cloth 100 

NO AD (HENRY M.) The Students' Text-book of Elec- 
tricity. A new edition, carefully revised. With ah 
Introduction and additional chapters by W. H. 
Preece. With 471 illusttations. 12010, cloth 4 00 

NUGENT (E.) Treatise on Optics ; or, Light and Sight 
theoretically and practically treated, with the appli- 
cation to Fine Art and Industrial Pursuits. With 103 
illustrations. 12010, cloth x 50 

PAGE (DAVID). The Earth's Crust, a Handy Outline 

of Geology. i6mo, cloth 75 

PARSONS (Jr., W. B., C.E ) Track, a Complete Man- 
ual of Maintenance of Way. according to the Latest 
and Best Practice on Leading American Railroads. 
Illustrated. 8vo. cloth a 00 

/•EIRCE (B.) System of Analytic Mechanics. 4to, 

cloth xo 00 

PHILLIPS (JOSHUA). Engineering Chemistry. A 
Practical Treatise for the use of Analytical Chemists, 
Engineers, Iron Masters, Iron Founders, students and 
others. Comprising methods of Analysis and Valu- 
ation of the principal materials used in Engineering 
works, with numerous Analyses. Examples and Sug- 
gestions. 314 Illustrations. 8vo, cloth 400 

PLANE TABLE (THE). Its Uses in Topographical 

Surveying. Illustrated. 8vo, cloth 200 

PLATTNER. Manual of Qualitative and Quantitative 
Analysis with the Blow-pipe. From the last German 
edition, revised and enlarged, by Prof. Th. Richter, 
of the Royal Saxon Mining Academy. Translated by 
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Prof. H. B. Cornwall, assisted by John H. Caswell. 
Illustrated with 87 wood-cuts and one lithographic 
plate. Fourth edition, revised. 560 pages. 8vo, 
cloth s 00 

PLANTE (GASTON). The Storage of Electrical En- 
ergy, and Researches in the Effects created by Cur- 
rents, combining Quantity with High Tension. 
Translated from the French by Paul B. Elwell. 89 
illustrations. 8vo 400 

PLYMPTON (Prof. GEO. W.) The Blowpipe. A 
Guide to its use in the Determination of Salts and 
Minerals. Compiled from various sources. i*mc, 
cloth t 50 

POCKET LOGARITHMS to Four Places of Decimals, 
including Logarithms of Numbers and Logarithmic 
Sines and Tangents to Single Minutes. To which is 
added a Table of Natural Sines, Tangents and Co- 
Tangents. 1 6mo, boards 50 

POPE (F. L.) Modern Practice cf the Electric Tele- 
graph. A Technical Hand-book for Electricians, 
Managers and Operators. New edition, rewritten 
and enlarged, and fully illustrated. 8vo, cloth 1 50 

PRAY (Jr., THOMAS). Twenty Years with the Indi- 
cator; being a Practical Text-book for the Engineer 
or the Student. Illustrated. 8vo, cloth 250 

PRACTICAL IRON-FOUNDING. By the author of 
44 Pattern Making," etc., etc. Illustrated with over one 
hundred engravings. 12010, cloth 1 50 

PREECE (W H.) and STUBBS (A. J.) Manual of Tele- 
phony. Illustrations and Plates. i2mo, cloth 450 

PRESCOTT (Prof. A. B.) Organic Analysis. A Manual 
of the Descriptive and Analytical Chemistry of certain 
Carbon Compounds in Common Use ; a Guide in the 
Qualitative and Quantitative Analysis of Organic 
Materials in Commercial and Pharmaceutical Assays, 
in the estimation of Impurities under Authorized 
Standards, and in Forensic Examinations for Poisons, 
with Directions for Elementary Organic Analysis. 
8vo, cloth 5 00 

Outlines of Proximate Organic Analysis, for the 

Identification, Separation, and Quantitative Deter- 
mination of the more commonly occurring Organic 
Compounds, nmo, cloth 175 
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PRESCOTT (Prof. A. B.) First Book in Qualitative 

Chemistry. Fifth edition. 121110, cloth 1 50 

and OTIS COE JOHNSON. Qualitative Chemical 

Analysis. A Guide in the Practical Study of Chem- 
istry and in the work of Analysis. Revised edition 
With Descriptive Chemistry extended throughout 3 50 

PRITCHARD (O. G.) The Manufacture of Electric 

Light Carbons Illustrated. 8vo, paper 60 

PULSIFER (W. H.) Notes for a History of Lead. 8vo, 

cloth, gilt tops 4 00 

PYNCHON (Prof. T. R.) Introduction to Chemical 
Physics, designed for the use of Academies, Colleges, 
and K!„l. Cchools. 269 illustrations on wood. Crown 
8vo, cloth 300 

RANDALL (J. E.) A Practical Treatise on the Incan- 
descent Lamp. Illustrated . i6mo, cloth . . 50 

(P. M.) Quartz Operator's Hand-book. New edi- 
tion, revised and enlarged, fully illustrated. 121110, 
cloth 200 

RAFTER (GEO. W.) Sewage Disposal in the United 

States. Illustrated. 8vo, cloth 600 

RANKINE (W. J. MACQUORN. C.E., LL.D.. F.R.S.) 
Applied Mechanics. Comprising the Principles of 
Statics and Cinematics, and Theory of Structures, 
Mechanism, and Machines. With numerous dia- 
grams. Thoroughly revised by W. J. Millar. Crown 
8 vo, cloth 5 00 

Civil Engineering. Comprising Engineering Sur- 
veys, Earthwork. Foundations. Masonry. Carpentry, 
Metal-work, Roads, Railways, Canals, Rivers, Water- 
Works, Harbors, etc. With numerous tables and 
illustrations. Thoroughly revised by W. J. Millar. 
Crown 8vo, cloth 6 50 

Machinery and Millwork. • Comprising the Geom- 

try. Motions, Work, Strength, Construction, and 
Objects of Machines, etc. Illustrated with nearly 300 
woodcuts. Thoroughly revised by W. J. Miller. 
Crown 8vo, cloth 5 00 

The Steam-Engine and Other Prime Movers. 

With diagram of the Mechanical Properties of Steam, 
folding plates, numerous tables and illustrations. 
Thoroughly revised by W. J. Millar. Crown 8vo, 
cloth 500 



SCIENTIFIC PUBLICATIONS. 3 

BLAKE (W. P.) Report upon the Precious Metals. 8vo, 
cloth 200 

Ceramic Art. A Report on Pottery, Porcelain, 

Tiles, Terra-Cotta, and Brick. 8vo, cloth 2 00 

BLAKESLEY (T. H.) Alternating Currents of Elec- 
tricity. For the use of Students and Engineers. 
lamo, cloth. . x 50 

BLYTH (A. WYNTER, M.R.C.S., F.C.S.) Foods : their 

Compositions and Analysis. Crown 8vo, cloth 6 00 

Poisons : their Effects and Detection. Crown 8vo, 

cloth 6 00 

BODMER (G. R.) Hydraulic Motors; Turbines and 
Pressure Engines, for the use of Engineers, Manu- 
facturers, and Students. With numerous illustra- 
tions. i2mo, cloth 500 

BOTTONE (S. R.) Electrical Instrument Making for 

Amateurs. With 48 illustrations. 12010, cloth 50 

— - Electric Bells, and all about them. Illustrated. 

i2mo, cloth 50 

— — The Dynamo : How Made and How Used. 12010, 

cloth 1 00 

— — Electro Motors : How Made and How Used. 12010. 
cloth 50 

BONNEY (G. E.) The Electro-Platers' Hand-book. 60 

Illustrations. 12100, cloth x 90 

BOW (R. H.) A Treatise on Bracing. With its applica- 
tion to Bridges and other Structures of Wood or Iron. 
156 illustrations. 8vo, cloth x 50 

BOWSER (Prof. E. A.) An Elementary Treatise on 
Analytic Geometry. Embracing plain Geometry, and 
an Introduction to Geometry 01 three Dimensions. 
i2mo, cloth. Thirteenth edition x 75 

An Elementary Treatise on the Differential and 
Integral Calculus. With numerous examples. 12010, 
cloth. Twelfth edition 2 25 

An Elementary Treatise on Analytic Mechanics. 
With numerous examples. 12010, cloth. Fifth edi- 
tion 300 
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BOWSER (Prof. E. A.) An Elementary Treatise on 
Hydro-mechanics. With numerous examples. i2mo, 
cloth. Third edition 250 

BOWIE (AUG. J.. Jun., M. E.) A Practical Treatise on 
Hydraulic Mining in California. With Description of 
the Use and Construction of Ditches, Plumes, 
Wrought-iron Pipes, and Dams; Flow of Water on 

' Heavy Grades, and its Applicability, under High 
Pressure, to Mining. Third edition. Small quarto, 
cloth. Illustrated 5 oc 

BURGH (N. P.) Modern Marine Engineering, applied 
to Paddle and Screw Propulsion. Consisting of 36 
colored plates, 259 practical woodcut illustrations, and 
403 pages of descriptive matter. Thick 4to vol., half 
morocco 10 00 

BURT (W A.) Key to the Solar Compass, and Survey- 
or's Companion. Comprising all the rules necessary 
for use in the field. Pocket-book form, tuck 2 50 

CALDWELL (Prof. GEO. C, and BRENEMAN (Prof. 
A. A.) Manual of Introductory Chemical Practice. 
Bvo, cloth. Illustrated 150 

CAMPIN (FRANCIS). On the Construction of Iron 
Roofs. A Theoretical and Practical Treatise, with 
wood-cuts and plates of Roofs recently executed. 8vo, 
cloth . .... 200 

CLEEMAN (THOS. M.) The Railroad Engineer's Prac- 
tice. Being a Short but Complete Description of the 
Duties of the Young Engineer in the Preliminary and 
Location Surveys and in Construction. Fourth edition, 
revised and enlarged. Illustrated, iamo, cloth 200 

CLARK (D. KINNEAR, C.E.) A Manual of Rules, 
Tables and Data for Mechanical Engineers. Illus- 
trated with numerous diagrams. 1012 pages. 8vo, 

cloth 500 

Half morocco 7 50 

- Fuel ; its Combustion and Economy, consisting of 

abridgments cf Treatise on the Combustion of Coal. 
By C. W. Williams; and the Economy of Fuel, by 
T. S. Prideaux, With extensive additions in recent 
practice in the Combustion and Economy of Fuel, 
Coal, Coke, Wood, Peat, Petroleum, etc. i2mo, cloth, x 50 
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CLARK (D. KINNEAR, C.E.) The Mechanical En- 
gineer's Pocket Book of Tables, Formula, Rules, 
and Data. A Handy Book of Reference for Daily 
Use in Engineering Practice. i6mo, morocco 3 00 

• (JACOB M.) A new System of Laying Out Rail- 
way Turn-outs »2>stantly, by inspection from tables. * 
i2mo, leatherette 1 oci 

CLEVENGER (S. R.) A Treatise on the Method of ' 
Government Surveying as prescribed by the U. S. 
Congress and Commissioner of the General Land 
Office. i6mo, morocco 2 30 

COLBURN (ZERAH). The Gas-Works of London. - 
i2mo, boards 60 

COLLINS (JAS. E.) The Private Book of Useful Alloys 
and Memoranda for Goldsmiths, Jewellers, etc. 18 mo, 
cloth so 

CORNWALL (Prof. H. B.) Manual of Blow pipe An- 
alysis, Qualitative and Quantitative. With a Com- 
plete System of Descriptive Mineralogy. 8vo, clcth, 
with many illustrations 2 50 

CRAIG (B. F.) Weights and Measures. An account of 
the Decimal System, with Tables of Conversion for 
Commercial and Scientific Uses. Square 321110, limp 
cloth 50 

CROCKER (F. B.) and WHEELER (S. S.) The n ractical 
Management of Dynamos and Motors. Second edition, 
revised. 12010, cloth. Illustrated , .,•••• 1 

CUMMING (LINNiEUS, M.A.) Electr .7 ;«ated 
Experimentally. For the use of Scho > cxd Stu- 
dents. New edition. 121110, cloth $1 r- 

DIXON (D. B ) The Machinist's and Steal .'£ Sneer's 
Practical Calculator. A Compilation of '.'A.I Jii Rules 
and Problems arithmetically solved, t ^e'her with 
General Information applicable to Sho; V^o's, Mill- ' 

Gearing, Pulleys and Shafts, Steam Bo' id En- 
gines. Embracing valuable Tables and instruction 
in Screw cutting, Valve and Link Motion, etc. i6mo, 
full morocco, pocket form 2 oc 

DODD (GEO.) Dictionary of Manufactures, Mining, 

Machinery, and the Industrial Arts. 12 mo, cloth t 50 
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liOUK (B. F.) The Surveyor's Guide and Pocket Table 

Hook. 1 8rao, morocco naps. Second edition 200 

DUBOIS (A. J.) The New Method of Graphic Statics. 

With 60 illustrations. 8vo, cloth 1 50 

KUDV (Prof. H. T.) Researches in Graphical Statics. 
Kmbracing New Constructions in Graphical Statics, a 
New General Method in Graphical Statics, and the 
Theory of Internal Stress in Graphical Statics. 8vo, 
cloth x 50 

«••— ■ Maximum Stresses under Concentrated Loads. 

Ti rated graphically. Illustrated. 8vo, cloth 150 

Jkhl.KU (M.) The Metallurgy of Gold; a Practical 
Tir«»li»r mi the Metallurgical Treatment of Gold- 
Ht'iitliiK Oicm. 187 illustrations, nmo, cl 500 

■ ■ Tin* Metallurgy of Silver; a Practical Treatise on 
llir Amalgamation, Roasting, and Lixiviation of 
hilvri Oien, 1J4 illustrations, lamo, cloth 400 

— — - The Metallurgy of Argentiferous Lead; a Practi- 
t al 1 1 rat He on tnc Smelting of Silver Lead Ores and 
Hie lellnluu of I. cad Bullion. With 183 illustrations. 

flVMi, » Inlll 5 00 

fcl HM il'iol. 1\ W.l and STORRR (Prof F. H.) A 
t'on»|»i itilioiiM Manual of Qualitative Chemical An- 
alymn Revised with the co-operation of the authors, 
l»V Pii'l William R. Nichols. Illustrated. 17th edi- 
tion New l\ levised by Prof. \V. B. Lindsay. 12010, 
1 l»«ih ." 1 50 

ItVltHM T tl l» \ UU mrnt.o v Text-book of Physics. 

llluMiaUtt im\\»»,» U»iU >t , 140 

fcANNINu <| \ \ \ IWttoal TtratKo on Hydraulic 
*\\A \\.\\%'\ tupplx b'n^iuernnti Relating to the 
H>>l»»>lo»;\ ll\»li.',l\\\,uni»N, aiwl PiAvtuwl Construc- 
ts* »<l \Vu»i u->ik\ 10 Noith VnuMua. Illustrated. 
>\o.»loih > . *.» 500 

fclbKh ,lt.ui ItRMMICX V.l S \* F'ortrjoity in 

Vlu.M\ n>,i l'i i, u»»' oi, rJicM,^".,^': F'.vCtrical 

1»i»I,m\miii»i :->^ 1 I«>|!» 3 5s 
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FOLEY (NELSON), and THOS. PRAY, Jr. The Me- 
chanical Engineers 1 Reference-book for Machine and 
Boiler Construction, in two parts. Part I— Genera! 
Engineering Data. Part 2— Boiler Construction. 
With fifty-one plates and numerous illustrations, 
specially drawn lor this work. Folio, half mor .«$ oa 

FORNEY (MATTHIAS N.) Catecrfism of the Locomo- 
tive. Revised and enlarged. 8vo, cloth. 3 99 

POSTER (Gen. J. G., U. S. A.) Submarine Blasting m 
Boston Harbor, Massachusetts. Removal of Tower 
and Corwin Rocks. Illustrated with 7 plates. -410, 
cloth • 3 s» 

FRANCIS (las. B., C.E.) Lowell Hydraulic Experi- 
ments. Being a selection from experiments on Hy- 
draulic Motors, on the Flow of Water over Weirs, in 
open Canals of uniform rectangular section, and 
through submerged Orifices and diverging Tubes. 
Made at Lowell, Mass. Illustrated. 4to, cloth 1501 

GERBER (NICHOLAS). Chemical and Physical An- 
alysis of Milk, Condensed Milk, and Infant's Milk- 
Food. 8vo, cloth 1 S5 

GILLMORE (Gen. Q. A.) Treatise on Limes, Hydraulic 
Cements, and Mortars. With numerous illustrations. 

- Practical Treatise on the Construction of Roads, 
Streets, and Pavements. With 70 illustrations. 
i2mo, cloth * os 

— Report on Strength of the Building-Stones in the 

United States, etc. Illustrated. 8vo, cloth tot 

GOODEVE (T. M.) A Text-book on the Steam-Engine 
With a Supplement on Gas-Engines. 143 illustrations. 
z2mo, cloth 
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GORE (G., F.R.S.) The Art of Electrolytic Separation 
of Metals, etc. (Theoretical and Practical.) Ilius- 
. trated 8vo, cloth 3 

GORDON (J. E. H.) School Electricity Illustrations. 
i2mo, cloth.. ,. „ 11 
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GRIMSHAW (ROBERT, M.E.) The Steam Boiler. 
Catechism. A Practical Book for Steam Engineers, 
Firemen and Owners and Makers of Boilers of any 
kind. Illustrated. Thick i8mo, cloth 

GRIFFITHS (A. B., Ph.D.) A Treatise on Manures, or 
the Philosophy of Manuring-. A Practical Hand-book 
for the Agriculturist, Manufacturer, and Student. 
i2mu, cloth 3 oo 

GRUNER (M. L.) The Manufacture of Steel. Trans- 
lated from the French, by Lenox Smith ; with an 
appendix on the Bessemer p-ocess in the United States, 
by the translator. Illustrated. 8vo, cloth 350 

GURDEN (RICHARD LLOYD). Traverse Tables: 
computed to 4 places Decimals for every ° of angle 
up to 100 of Distance. For the use of Surveyors and 
Engineers. New edition. Folio, half mor 7 50 

HALSEY (F. A.) Slide-valve Gears, an Explanation of 
the Action and Construction of Plain and Cut-off Slide 
Valves. Illustrated. 12010, cloth. Second edition., x 50 

HAMILTON (W. G.) Useful Information for Railway 
Men. Tenth edition, revised and enlarged. 562 
pages, pocket form. Morocco, gilt a 00 

HARRISON <W. B.) The Mechanics 1 Tool Book. With 
Practical Rules and Suggestions for use of Machin- 
ists, Iron-Workers, and others. Illustrated with 44 
engravings. 1 21110, cloth 150 

11ASKINS (C. H.) The Galvanometer ; _ . . j Uses. A 

Manua! for Electricians and Student; . zimo, cloth.. 1 53 

HAWKINS (C. C.) and WALLIS (F.) T 2 Dynamo, Its 

Theory, Design and Manufacture. 8v , cloth, 190 ills. 9 CD 

HEAP (Major D. P., U. S. A.) Electric '1 Appliances of 
the Present Day. Report of the Pai s Rlectrical Ex- 
position of 188 1. 250 illustrations. 8 ■ cV>th 9^ 

HOUSTON (K. J.) Dictionary of Electrical Words, 
Terms and Phrases. Third edition, revised and en- 
larged. Svo, cloth 5 00 
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HERRMANN (GUSTAV). The Graphical Statics of 
Mechanism. A Guide for the Use of Machinists, 
Architects, and Engineers ; and also a Text-book for 
Technical Schools. Translated and annotated by 
A. P. Smith, M.E. i2mo, cioth, 7 folding plates 2 00 

HEWSON (WM.) Principles and Practice of Embanking 
Lands from River Floods, as applied to the Levees of 
the Mississippi. 8vo, cloth 2 00 

HEN'RICI (OLAUS). Skeleton Structures, Applied to 

the Building of Steel and Iron Bridges. Illustrated.. 1 50 

HOBBS (W. R. P.) The Arithmetic of Electrical Meas- 
urements, With numerous examples. i2mo, cloth 50 

HOLLEY (ALEXANDER L.) Railway Practice. Amer- 
ican and European Railway practice in the Economi- 
cal Generation of Steam, including the Materials and 
Construction of Coal-burning Boilers, Combustion, 
the Variable Blast, Vaporization, Circulation, Super- 
heating, Supplying and Heating Feed-water, etc., 
and the Adaptation of Wood and Coke-burning 
Engines to Coal-burning; and in Permanent Way, 
including Road-bed, Sleepers, Rails, Joint Fastenings, 
Street Railways, etc. With 77 lithographed plates. 
Folio, cloth 12 00 

HOLMES (A. BROMLEY). The Electric Light Popu- 
larly Explained. Fifth edition. Illustrated, 121110, 
paper 40 

HOWARD (C. R.) Earthwork Mensuration on the 
Basis of the Prismoidai Formulae. Containing Sim- 
ple and Labor-saving Method of obtaining Prismoidai 
Contents directly from End Areas. Illustrated by 
Examples and accompanied by Plain Rules for Practi- 
cal Uses. Illustrated. 8vo, cloth 1 50 

HUMBER (WILLIAM, C. E.) A Handy Book for the 
Calculation of Strains in Girders, and Similar Struct- 
ures, and their Strength ; Consisting of Formulae and 
Corresponding Diagrams, with numerous details for 
practical application, etc. Fourth edition, 12020, 
cloth 2 50 

HUTTON (W. S.) Steam-Boiler Construction. A Prac- 
tical Hand-book for Engineers, Boiler Makers, and 
Steam Users. With upwards of 300 illustrations. 
8vo, cloth 7 00 
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ISHERWOOD (B. F.) Engineering Precedents for 
Steam Machinery. Arranged in the most practical 
and useful manner for Engineers. With illustrations. 
2v0Is.ini. 8vo, cloth 25c 

JAMIESON (ANDREW C.E.) A Text-book on Steam 

and Steam -Engines. Illustrated. 12 mo, cloth 300 




by 
Plympton. 121110, cloth 150 

JONES (H. CHAPMAN). Text-book of Experimental 

Organic Chemistry for Students. i8mo, cloth 100 

JOYNSON (F. H.) The Metals used in Construction. 
Iron, Steel, Bessemer Metal, etc. Illustrated. 121110, 
cloth 75 

Designing and Construction of Machine Gearing. 

Illustrated. 8vo, cloth 2 00 

KANSAS CITY BRIDGE (THE). With an Account of 
the Regimen of the Missouri River and a Description 
of the Methods used for Founding in that River. By 
0. Chanute, Chief Engineer, and George Morrison, 
Assistant Engineer. Illustrated with 5 lithographic 
views and 12 plates of plans. 4to, cloth 6 00 

KAPP (GISBERT, C.E.) Electric Transmission of 
Energy and its Transformation, Subdivision, and Dis- 
tribution. A Practical Hand-book. i2mo, cloth 300 

KEMPE (H. R.) The Electrical Engineer's Pocket 
Book of Modern Rules, Formulae, Tables, and Data. 
Illustrated. 32010, mor. gilt x 75 

•XENNELLEY (A. E.) Theoretical Elements of Electro- 
Dynamic Machinery. Vol.1. Illustrated. 8 vo, cloth. 150 

XING (W. H.) I-essons and Practical Notes on Steam. 

The Steam-Engine, Propellers, etc.. for Young Ma- 

>. rlne Engineers, Students, and others. Revised by 

pi Chief Engineer J. W. King, United States Navy. 

w 8vo, cloth 2 00 

KIRKALDY iWM. (t.) Illustrations of David Kir- 
kaldy's System of Mechanical Testing, as Originated 
and Carried On by him during a Quarter of a Century. 
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Comprising a Large Selection of Tabulated Results, 
showing the Strength and other Properties of Ma- 
terials used in Construction, with Explanatory Text 
and Historical Sketch. Numerous engravings and 25 
lithographed plates. 4to, cloth ...350 

KIRKWOOD (JAS. P.) Report on the Filtration of 
River Waters for the supply of Cities, as practised in 
Europe. Illustrated by 30 double-plate engravings. 
4to, cloth 1500 

LARRABEE (C. S.) Cipher and Secret Letter and Tele- 
graphic Code, with Hog's Improvements. i8mo, 
cloth 60 

LARDEN (W., M. A.) A School Course on Heat. 12100, 

half leather 2 00 

LEITZE (ERNST). Modern Heliographic Processes. 
A Manual of Instruction in the Art of Reproducing 
Drawings, Engravings, etc., by the action of Light. 
With 32 wood-cuts and ten specimens of Heliograms. 
8vo, cloth. Second edition 300 

LOCKWOOD (THOS. D.) Electricity, Magnetism, and 
Electro-Telegraphy. A Practical Guide for Students, 
Operators, and Inspectors. 8vo, cloth. Third edi- 
tion 2 50 

LODGE (OLIVER J.) Elementary Mechanics, includ- 
ing Hydrostatics and Pneumatics. Revised edition. 
i2mo, cloth 1 20 

LOCKE (ALFRED G. and CHARLES G.) A Practical 
Treatise on the Manufacture of Sulphuric Acid. 
With 77 Constructive Plates drawn to Scale Measure- 
ments, rnd other Illustrations. Royal 8vo, cloth 15 00 

LOVELL (D. H.) Practical Switch Work. A Hand- 
book for Track Foremen. Illustrated nmo, cloth.. 1 50 

.UNGE (GEO* A Theoretical and Practical Treatise 
on the Manufacture of Sulphuric Acid and Alkali with 
the Collateral Branches. Vol. I. Sulphuric Acid. 
Second edition, revised and enlarged. 342 Illustra- 
tions. 8vo., cloth 1500 

— and HUNTER F.) The Alkali Maker's Pocket- 
Book. Tables and Analytical Methods for Manufac- 
turers of Sulphuric Acid, Nitric Acid, Soda, Potash 

'•». Second edition. i:ino, cloth 300 



M ACCORD (Prof. C. W.) A Practical ', 'the on 
Sli.ie-Valve b, Eccentrics, eiamining by method) 

aiiii-n of the Ecctairic upon the Slirie-Vaivc, l 
explaining ■::■ .'ta-ai pr;it esses of laying out 

MAYERiProf. A.M.) Lecture Notes on PhysicB. a 

McCULLOCH (Prof. R. S.) Elementary Treatise on 
Mrihariitiil ol Hen , and ics application to 
and Steam Engine*. Svo, cloth 

MERRILL (Col. WM. E., U. S. A.) Iron Truss Bridges 

lor Raiir.aaH. Tht me"-— -' --■—'-■- -— :- 

i careful e 



nethod of a 



MET At. 



.MINI] li: »)l.i Mtchai 




titjiis and Rules of Geom- 

^fflt C hmu B uwion™™Dr«wuig 

1 Elevations of Hailwavsaiid Ma- 
notion to Isoiwtrifai 11-aumg, and 
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MODERN METEOROLOGY. A Series of Six Lectures. 

c auspices of the Meteoioloeical 

lOgfNEY (WM The American Gas Engineers' and 

Hence" T.'I.n ■■ and orig°r.,l C raaTier n per°3tniii e e to 
Muitlfariurc, Manipulation, and Distribution f 
Binatir.g lias. Illustrated, rzmo, morocco . ., 3 
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MOTT (H. A., Jun.) A Practical Treatise on Chemistry 
(Qualitative and Quantitative Analysis), Stoichi- . 
ometry, Blow-pipe Analysis, Mineralogy, Assaying, 
Pharmaceutical Preparations, Human Secretions, 
Specific Gravities. Weights and Measures, etc. New 
Edition, 1883. 650 pages. 8vo, cloth 400 

MULLIN (JOSEPH P , M.E.) Modern Moulding and 
Pattern-making. A Practical Treatise upon Pattern- 
Shop and Foundry Work: embracing the Moulding 
of Pulleys, Spur Gears, Worm Gears, Balance-wheels, 
Stationary Engine and Locomotive Cylinders, Globe 
Valves, Tool Work, Mining Machinery. Screw Pro- 
pellers, Pattern-shop Machinery, and the latest im- 
provements in English and American Cupolas ; 
together with a large collection of original and care- 
fully selected Rules and Tables for every-day use in 
the Drawing Office, Pattern-shop, and Foundry. 
i2mo, cloth, illustrated 250 

MUNRO (JOHN, C.E.) and JAMIESON (ANDREW, 
C.E.) A Pocket-book of Electrical Rules and 
Tables for the use of Electricians and Engineers. 
Seventh edition, revised and enlarged. With numer- 
ous diagrams. Pocket size. Leather 250 

MURPHY (J. G., M.E.) Practical Mining. A Field 
Manual lor Mining Engineers. With Hints for In- 
vestors in Mining Properties. i6mo, morocco tucks . 1 50 

NAQUET (A.) Legal Chemistry. A Guide to the De- 
tection of Poisons, Falsification of Writings, Adulter- 
ation of Alimentary and Pharmaceutical Substances, 
Analysis of Ashes, and examination of Hair, Coins, 
Arms, and Stains, as applied to Chemical Jurispru- 
dence, for the use of Chemists. Physicians, Lawyers, 
Pharmacists and Experts. Translated, with addi- 
tions, including a list of books and memoirs on Toxi- 
cology, etc., from the French, by J. P. Battershall, 
Ph.D., with a preface by C. F. Chandler, Ph.D., 
M.D., LL.D. i2mo, cloth 2 00 

NEWALL (J. W.) Plain Practical Directions for Draw- 
ing, Sizing and Cutting Bevel-Gears, showing how the 
Teeth may be cut in a plain Milling Machine or Gear 
Cutter so as to give them a correct shape, from end 
io end : and showing how to get out all particulars for 
the Workshop without making any Drawings. In- 
cluding a full set of Tables of Reference. Folding 
Elates, 8vo., cloth. 3 00 
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NEWLANDS (JAMES). The Carpenter's and Joiners' 
Assistant : being a Comprehensive Treatise on the 
Selection, Preparation and Strength of Materials, and 
the Mechanical Principles of Framing, with their 
application in Carpentry, Joinery, and Hand-Railing ; 
also, a Complete Treatise on Sines ; and an illustrated 
Glossary of Terms used in Architecture and Building. 
Illustrated. Folio, half mor 15 00 

NIB LETT (J. T.) Secondary Batteries. Illustrated. 

1 2 mo, cloth 1 50 

NIPHER (FRANCIS E., AM) Theory of Magnetic 
Measurements, with an appendix on the Method of 
Least Squares. i2tno, cloth z 00 

NOAD (HENRY M.) The Students' Text-book of Elec- 
tricity. A new edition, carefully revised. With ah 
Introduction and additional chapters by W. H. 
Preece. With 471 illusttations. i2mo, cloth 400 

NUGENT (E.) Treatise on Optics ; or. Light and Sight 
theoretically and practically treated, with the appli- 
cation to Fine Art and Industrial Pursuits. With 103 
illustrations. i2mo. cloth 1 50 

PAGE (DAVID;. The Earth's Crust, a Handy Outline 

of Geology. x6mo, cloth 75 

PARSONS (Jr., W. B., C.E ) Track, a Complete Man- 
ual of Maintenance of Way, according to the latest 
and Best Practice on Leading American Railroads. 
Illustrated. 8vo, cloth a 00 

.'EIRCB (B.) System of Analytic Mechanics. 4to, 
cloth xo 00 

PHILLIPS (JOSHUA). Engineering Chemistry. A 
Practical Treatise for the use of Analytical Chemists, 
Engineers, Iron Masters, Iron Founders, students and 
others, Comprising methods of Analysis and Valu- 
ation of the principal materials used in Engineering 
Worts, with numerous Analyses. Examples and Sug- 
Jftttlons. 314 Illustrations. 8vo, cloth 4 00 

FR TABLE (THE). Its Uses in Topographical 
ring. Illustrated. 8vo, cloth 200 

NXTNRR. Manual of Qualitative and Quantitative 

S_ Analysis with the Blow-pipe. From the last German 
moo. revised and enlarged, by Prof. Th. Richter, 
the Royal Saxon Mining Academy. Translated by 
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Prof. H. B. Cornwall, assisted by John H. Caswell. 
Illustrated with 87 wood-cuts and one lithographic 
plate. Fourth edition, revised. 560 pages. 8vo, 
cloth 5 00 

PLANTE (GASTON). The Storage of Electrical En- 
ergy, and Researches in the Effects created by Cur- 
rents, combining Quantity with High Tension. 
Translated from the French by Paul B. Elwell. 89 
illustrations. 8vo 4 00 

PLYMPTON (Prof. GEO. W.) The Blow-pipe. A 
Guide to its use in the Determination of Salts and 
Minerals. Compiled from various sources. 12 mo, 
cloth 1 50 

POCKET LOGARITHMS to Four Places of Decimals, 
including Logarithms of Numbers and Logarithmic 
Sines and Tangents to Single Minutes. To which is 
added a Table of Natural Sines, Tangents and Co- 
Tangents. 1 6mo, boards 50 

POPE (F. L.) Modern Practice cf the Electric Tele- 
graph. A Technical Hand-book for Electricians, 
Managers and Operators. New edition, rewritten 
and enlarged, and fully illustrated. 8vo, cloth 1 50 

PRAY (Jr., THOMAS). Twenty Years with the Indi- 
cator; being a Practical Text-book for the Engineer 
or the Student. Illustrated. 8vo, cloth 250 

PRACTICAL IRON-FOUNDING. By the author of 
* 4 Pattern Making," etc., etc. Illustrated with over one 
hundred engravings. i2mo, cloth 1 50 

PREECE (W H.) and STUBBS (A. J.) Manual of Tele- 
phony. Illustrations and Plates, umo, cloth 450 

PRESCOTT (Prof. A. B.) Organic Analysis. A Manual 
of the Descriptive and Analytical Chemistry of certain 
Carbon Compounds in Common Use ; a Cruide in the 
Qualitative and Quantitative Analysis of Organic 
Materials in Commercial and Pharmaceutical Assays, 
in the estimation of Impurities under Authorized 
Standards, and in Forensic Examinations for Poisons, 
with Directions for Elementary Organic Analysis. 
8vo, cloth 5 00 

- Outlines of Proximate Organic Analysis, for the 
Identification, Separation, and Quantitative Deter- 
mination of the more commonly occurring Organic 
Compounds. 12010, cloth 175 



Light Carbons Illustrated. 8 vo, paper... 

PULSIFER iW. H.) Notes for a History of L 
cloth, gilt tops 

PYNCHON Prof. T. R.) Introduction to 
Physics, designed for the use of Academies 
and \l.^.. Schools. 269 illustrations on woo 
irvo, cloth 

RANDALL (J. E.) A Practical Treatise on 
descent Lamp. Illustrated. 16010, cloth.. 

. <P. M.) Quartz Operator's Hand-book. 

tion. revised and enlarged, fully illustrat 
doth 

RAFTER (GEO. W ) Sewage Disposal in 1 
States. Illustrated. 8vo, cloth 

RAN KIN E iW. J. MACQUORN. C.E., LL. 
Applied Mechanics. Comprising the Pi 
Statics and Cinematics, and Theory of 
Mechanism, and Machines. With nun 
urams. Thoroughly revised by W. J. Mill 
£ vo, cloth 

Civil Engineering. Comprising Engin 

veys. Earthwork. Foundations. >Yasonry. 
Metal-work. Roads, Railways, Canals, Rim 
Works, Harbors, etc. With numerous 
illustrations. Thoroughly revised by Vi 
Crown 8vo, cloth 

Machinery and Millwork. • Comprising 

try. Motions, Work, Strength, Constr 
Obiects of Machines, etc. Illustrated wit 
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RANKINE (W. J. MACQUORN, C.E., LL.D., F.R.S.) 
Useful Rules and Tables for Engineers and Others. 
With Appendix, tables, tests, and formulae for the use 
of Electrical Engineers. Comprising Submarine 
Electrical Engineering, Electric Lighting, and Trans- 
mission of Power. By Andrew Jamieson, C.E., 
F.R.S.E. Thoroughly revised by W. J. Millar. 
Crown 8vo, cloth 4 oo 

A Mechanical Text-book. By Prof. Macquorn 

Rankine and E. F. Bamber, C.E. With numerous 
illustrations. Cro v :n, 8vo, cloth 350 

REEDS ENGINEERS' HAND-BOOK, to the Local 
Marine Board Examinations for Certificates of Com- 
>etency as First and Second Class Engineers. By 

H. Thorn. Illustrated. i?vo, cloth 4 50 



w: 



RICE (Prof. J. M.) and JOHNSO * (Prof. W. W.) On a 
New Meihod of obtaining the Differential of Func- 
tions, with especial reference to the Newtonian Con- 
ception of Rates or Velocities, nmo, paper 50 

RIPPER (WILLIAM). A Course of Instruction in Ma- 
chine Drawing and Design for Technical Schools and 
Engineer Students. With 52 plates and numerous 
explanatory engravings. Folio, cloth 7 50 

ROEBLING (J. A.) Long and Short Span Railway 
Bridges. Illustrated with large copperplate engrav- 
ings of plans and views. Imperial folio, cloth 25 00 

ROGERS (Prof. H D.) The Geology of Pennsylvania. 
A Government Survey, with a General View of the 
Geology of the United States, essays on the Coal 
Formation and its Fossils, and a description of the 
Coal Fields of North America and Great Britain. 
Illustrated with plates and engravings in the text. 3 
vols. 4to, cloth, with portfolio of maps 15 00 

ROSE (JOSHUA, M.E ) The Pattern-makers 1 Assistant. 
Embracing Lathe Work, Branch Work, Core Work, 
Sweep Work, and Practical Gear Constructions, the 
Preparation a~d Use of Tools, together with a large 
collection of useful and valuable Tables. Sixth 
edition. Illust ated with 250 engravings. 8vo, cloth. 2 50 

Key to Eng nes and Engine-Running. A Practi- 
cal Treatise irp >n the Management of Steam Engines 
and Boilers, fc the Use of Those who Desire to Pass 
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Percussion and Gyration, Friction Heat, Tables of 
the Weight of Metals, Scantling, etc. Steam and 
the Steam-Engine. i6mo, full morocco i 50 

SCHELLEN (Dr. H.) Magneto- Electric and Dynamo- 
Electric Machines : their Construction and Practical 
Application to Electric Lighting, and the Trans- 
mission of Power. Translated from the third German 
edition by N. S. Keith and Percy Neymann, Ph.D. 
With very large additions and notes relating to 
American Machines, by N. S. Keith. Vol. 1, with 
353 illustrations 5 00 

SHIELDS (J. E.) Notes on Engineering Construction. 
Embracing Discussions of the Principles involved, 
and Descriptions of the Material employed in Tun- 
nelling, Bridging, Canal and Road Building, etc. 
i2mo, cloth 1 50 

SHREVE (S. H.) A Treatise on the Strength of Bridges 
and Roofs. Comprising the determination of Alge- 
braic formulas for strains in Horizontal, Inclined or 
Rafter, Triangular, Bowstring, Lenticular, and other 
Trusses, from fixed and moving loads, with practical 
applications, and examples, for the use of Students 
and Engineers. 87 woodcut illustrations. 8vo, cloth. 3 50 

SHUNK (W. F.) The Field Engineer. A Handy Book 
cf Practice in the Survey, Location, and Truck-work 
of Railroads, containing a large collection of Rules 
and Tables, original and selected, applicable to both 
the Standard and Narrow Gauge, and prepared with 
special reference to the wants of the young Engineer. 
Ninth edition. Revised and Enlarged. i2mo, mo- 
rocco, tucks 2 50 

SIMMS (F. W.) A Treatise on the Principles and Prac- 
tice of Levelling. Showing its application to pur- 
poses of Railway Engineering, and the Construction 
of Roads, etc. Revised and corrected, with the addi- 
tion of Mr. Laws' Practical Examples for setting out 
Railway Curves. Illustrated. 8vo, cloth 250 



Practical Tunnelling. Expla ; ning in detail Setting- 



out of the Work, Shaft-sinking, Sub-excavating, Tim- 
bering, etc., with cost of work 8vo, cloth 7 50 
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SLATER (J. W.) Sewage Treatment, Purification, and 
Utilization. A Practical Manual for the Use of Cor- 

Foratioti3, Local Boards, Medical Officers of Health, 
nspectors of Nuisances, Chemists, Manufacturers, 
Riparian Owners, Engineers, and Rate-payers, iamo, 
cloth 2 35 

SMITH (ISAAC W., C.E.) The Theory of Deflections 
and of Latitudes and Departures. With special 
applications to Curvilinear Surveys, for Alignments 
of Railway Tracks. Illustrated. i6mo, morocco, 
tucks 3 00 

(GUSTAVUS W.) Notes on Life Insurance. The- 

oretical and Practical. Third edition. Revised and ^ 
enlarged. 8vo, cloth 20? 

STAHL (A. W.) and WOODS (A. T.) Elementary 
Mechanism. A Text-book for Students of Mechanical 
Engineering. 12 mo, cloth 2 00 

STALEY(CADY)and PIERSON (GEO. S.) The Sep- 
arate System of Sewerage : its Theory and Construc- 
tion. 8vo, cloth. With maps, plates, and numerous 
illustrations. 8vo, cloth 300 

STEVENSON (DAVID, F.R.S.N.) The Principles and 
Practice of Canal and River Engineering. Revised 
by his sons David Alan Stevenson, B.Sc, F.R.S.E., 
and Charles Alexander Stevenson, B.Sc, F.R.S.E., 
Civil Engineer. 8vo, cloth 10 00 

The Design and Construction of Harbors. A 

Treatise on Maritime Engineering. 8vo, cloth 10 00 

STILES (AMOS). Tables for Field Engineers. De- 
signed for use in the field. Tables containing all the 
functions of a one degree curve, from which a corre- 
sponding one can be found for amy required degree. 
Also, Tables of Natural Sines and Tangents. i2mo, 
morocco, tucks 2 oc 

STILLMAN (PAUL1. Steam-Engine Indicator and the 
Improved Manometer Steam and Vacuum Gauges; 
their Utility and Application. 12 mo, flexible cloth... 100 

STONEY (B. D.) The Theory of Stresses in Girders and 
Similar Structures. With observations on the appli- 
cation of Theory to Practice, and Tables of Strength, 
and other properties of Materials. 8vo, cloth 12 50 
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STUART (B.) How to become a Successful Engineer. 
Being Hints to Youths intending to adopt the Pro- 
fession. Sixth edition. 12 mo, boards 50 

(C. B.) C.E. Lives and Works of Civil and Mili- 
tary Engineers of America. With 10 steel-plate 
engravings. 8vo. cloth 5 00 

SWEET (S. H.) Special Report on Coal, showing its 
Distribution. Classification, and Costs delivered over 
different routes to various points in the State of New 
York and the principal cities on^the Atlantic Coast. 
With maps. 8vo, cloth 300 

SWINTON (ALAN A. CAMPBELL). The Elementary 
Principle of Electric Lighting. Illustrated. i2mo, 
cloth 60 

SWINBURNE (J.) Practical Electrical Measurement. 

With 55 illustrations. 8vo, cloth 1 75 

TEMPLETON (WM.) The Practical Mechanic's Work- 
shop Companion. Comprising a great variety of. the 
most useful rules and formulae in Mecnanical Science, 
with numerous tables of practical data and calculated 
results facilitating mechanical operations. Revised 
and enlarged by W. S. Hutton. 12000, morocco 2 00 

THOM (C.)and JONES (W. E.) Telegraphic Connections 
embracing recent methods in Quadruplex Telegraphy. 
Illustrated. 8vo, cloth 1 50 

THOMPSON (EDWARD P/) How to make Inventions; 
or, Inventing as a Science and an Art. A Practical 
Guide for Inventors. 8vo, paper 1 00 

TREVERT (E.) Electricity and its Recent Applications. 
A Practical Treatise for Students and Amateurs, with 
an Illustrated Dictionary of Electrical Terms and 
Phrases. Illustrated. i2mo, cloth 200 

TUCKER (Dr. J. H.) A Manual of Sugar Analysis, in- 
cluding the Applications in General of Analytical 
Methods to the Sugar Industrv. With an Introduc- 
tion on the Chemistry of Cane Sugar, Dextrose, Lev- 
ulose, and Milk Sugar. 8vo, cloth, illustrated 3 50 

TUMLIRZ (Dr. O.) Potential and its Application to 
the Explanation of Electric Phenomena, Popularly 
Treated. Translated from the German by D. Robert- 
son. 111. i2mo, cloth 125 

YUNNER (P. A.) Treatise on Roll-Turning for the 
Manufacture of Iron. Translated and adapted by 
John B. Pearse, of the Pennsylvania Steel Works, 
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with numerous engravings, woodcuts. 8vo, cloth, 
with folio atlas of plates xo oo 

URQUHART (J. W.) Electric Light Fitting. Embody- 
ing Practical Notes on Installation Management. A 
Hand-book for Working Electrical Engineers — with 
numerous illustrations. i2mo, cloth K 200 

Electro-Plating. A Practical Hand-book on the 

Deposition of Copper, Silver, Nickel, Gold, Brass, 
Aluminium, Platinum, etc. i2mo 200 

' Electro-Typing. A Practical Manual, forming a 

New and Systematic Guide to the Reproduction and 
Multiplication of Printing Surfaces, etc. 12010 200 

■ Dynamo Construction : a Practical Hand-book for 
the Use of Engineer Constructors and Electricians in 
Charge, embracing Framework Building, Field Mag- 
net and Armature Winding and Grouping, Com- 
pounding, etc., with Examples of Leading English, 
American, and Continental Dynamos and Motors, 
with numerous illustrations. 12 mo, cloth 3 00 

UNIVERSAL /The) TELEGRAPH CIPHER CODE. 

Arranged fo: General Correspondence. 121x10, cloth.. : 00 

VAN NOSTRAND'S TABLE-BOOK. For Civil and 

Mechanical Engineers. i8mo, half morocco 100 

VAN WAGENEN n\ F.) Manual of Hydraulic Mining. 

For the Use of the Practical Miner. iSmo, cloth : 00 

WALKER (W. H.) Screw Propulsion. Notes on Screw 

Propulsion, its Rise and H istory . 8 vo, cloth 75 

WANKLYN (J. A.) A Practical Treatise on the Exam- 
ination of Milk and its Derivatives, Cream, Butter, 
and Cheese. i2mo, cloth 1 oa 

Water Analysis. A Practical Treatise on the Ex- 
amination of Potable Water. Seventh edition. i2mo, 
cloth 200 

IVARD (J. H.} Steam for the Million. A Popular 
Treatise on Steam, and its application to the Useful 
Arts, especially to Navigation. 8vo, cloth 1 00 

IVARING -GEO. E.. Jr.) Sewerage and Land Drainage. 
Large Quarto. Illustrated with wood-cuts in the text, 
and full-page and folding plates. Cloth 6 00 
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WATT (ALEXANDER). Electro-Deposition. A Prac- 
tical Treatise on the Electrolysis of Gold, Silver, 
Copper, Nickel, and other Metals, with Descriptions 
of Voltaic Batteries. Magneto and Dynamo-Electric 
Machines, Thermopiles, and of the Materials and 
Processes used in every Department of the Art, and 
several chapters on Electro-Metallurgy. With num- 
erous illustrations. Third edition, revised and cor- 
rected. Crown 8vo, 568 pages 3 54 



Electro-Metallurgy Practically Treated. i2mo, 



cloth 1 00 

WE ALE (JOHN). A Dictionary of Terms Used in 
Architecture Building, Engineering, Mining, Metal- 
lurgy, Archaeology, the Fine Arts, etc., with explana- 
tory observacions connected with applied Science 
and Art. 121310, cloth 2 50 

WEBB (HERBERT LAWS). A Practical Guide to the 
Testing of Insulated Wires and Cables. Illustrated. 
i2mo, cloth .? 100 

tVEISBACH (JULIUS). A Manual of Theoretical Me- 
chanics. Translated from the fourth augmented and 
improved German edition, with an Introduction to 
the Calculus by Eckley B. Coxe, A.M., Mining Engi- 
neer. 1100 pages, and 902 woodcut illustrations. 

8vo, cloth 1000 

Sheep 11 00 

WEYRAUCH (J. J.) Strength and Calculations of Di- 
mensions of Iron and Steel Construction, with refer- 
ence to the Latest Experiments. i2mo, cloth, plates.. 1 00 

WHIPPLE (S., C.E.) An Elementary and Practical 

Treatise on Bridge Building. 8vo, cloth 40c 

WILLIAMSON (R. S.) On the Use of the Barometer on 
Surveys and Reconnoissances. Part I. Meteorology 
in its Connection with Hypsometry. Part II. 
Barometric Hypsometry. With Illustrative tables 
and engravings. 4to, cloth 1500 

Practical Tables in Meteorology and Hypsometry, 

in connection with the use of the Barometer. 4to, 
cloth 2 50 

WRIGHT (T. W., Prof.) A Treatise on the Adjustment 
of Observations. With applications to Geodetic 
Work, and other Measures of Precision. 8vo, cloth. . . 4 00 

■ ■ A Text-book of Mechanics for Colleges and Tech- 
nical Schools. i2mo, cloth 250 
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RANKINE (W. J. MACQUORN. C.E., LL.D., F.R.S.) 
Useful Rules and Tables for Engineers and Others. 
With Appendix, tables, tests, and formulae for the use 
of Electrical Engineers. Comprising Submarine 
Electrical Engineering, Electric Lighting, and Trans- 
mission of Power. By Andrew Jamieson, C.E., 
F.R.S.E. Thoroughly revised by W. J. Millar. 
Crown 8vo, cloth 400 

A Mechanical Text-book. By Prof. Macquorn 

Rankine and E. F. Bamber, C.E. With numerous 
illustrations. Cro v :n, 8vo, cloth 350 

REEDS ENGINEERS' HAND-BOOK, to the Local 
Marine Board Examinations for Certificates of Com- 
petency as First and Second Class Engineers. By 
W. H. Thorn. Illustrated. j?vo, cloth 450 

RICE (Prof. J. M.) and JOHNSO S T (Prof. W. W.) On a 
New Method of obtaining the Differential of Func- 
tions, with especial reference to the Newtonian Con- 
ception of Rates or Velocities. i2mo, paper 50 

RIPPER (WILLIAM). A Course of Instruction in Ma- 
chine Drawing and Design for Technical Schools and 
Engineer Students. With 52 plates and numerous 
explanatory engravings. Folio, cloth 7 50 

ROEBLING (J. A.) Long and Short Span Railway 
Bridges. Illustrated with large copperplate engrav- 
ings of plans and views. Imperial folio, cloth 25 00 

ROGERS (Prof. H D.) The Geology of Pennsylvania. 
A Government Survey, with a General View of the 
Geology of the United States, essays on the Coal 
Formation and its Fossils, and a description of the 
Coal Fields of North America and Great Britain. 
Illustrated with plates and engravings in the text. 3 
vols. 4to, cloth, with portfolio of maps 15 00 

ROSE (JOSHUA, M.E ) The Pattern-makers' Assistant. 
Embracing Lathe Work. Branch Work, Core Work, 
Sweep Work, and Practical Gear Constructions, the 
Preparation a* d Use of Tools, together with a large 
collection of useful and valuable Tables. Sixth 
edition. Illust ated with 250 engravings. 8vo, cloth, a 50 

Key to Eng nes and Engine-Running. A Practi- 
cal Treatise up »n the Management of Steam Engines 
and Boilers, fc the Use of Those who Desire to Pass 
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an Examination to Take Charge of an Engine or 
Boiler. With numerous illustrations, and Instruc- 
tions upon Engineers' Calculations, Indicators, Dia- 
frams, Engine Adjustments, and other Valuable 
nformation necessary for Engineers and Firemen. 
i2ino, cloth. 3 oo 

SABINE (ROBERT). History and Progress of the 
Electric Telegraph. With descriptions of some of 
the apparatus. i2mo, cloth i 25 

SAELTZER (ALEX.) Treatise on Acoustics in connec- 
tion with Ventilation. i2mo, cloth 100 

SALOMONS (Sir DAVID, M. A.) Electric Light Instal- 
lations. Vol. I. The management of Accumulators. 
Seventh edition, revised and enlarged, with numerous 
illustrations, umo, cloth x.50 

SAUNNIER (CLAUDIUS). Watchmaker's Hand-book. 
A Workshop Companion for those engaged in Watch- 
making and allied Mechanical Arts. Translated by 
J. Tripplin and E. Rigg. iamo, cloth 3 50 

SEATON (A. E.) A Manual of Marine Engineering. 
Comprising the Designing, Construction, and Work- 
ing of Marine Machinery. With numerous tables and 
illustrations. 10th edition. 8vo, cloth 5 00 

SCHUMANN (F.) A Manual of Heating and Ventila- 
tion in its Practical Application, for the use of Engi- 
neers and Architects. Embracing a scries of Tables 
and Formulae for dimensions of hea ing, flow and 
return pipes for steam and hot-watei boilers, flues, 
etc. i2mo, illustrated, full roan : _. 

Formulas and Tables for Architects and Engineers 

in calculating the strains and capacity of structures in 
Iron and Wood. i2mo, morocco, tucks 

SCR1BNER (J. M.) Engineers' and Mechanics* Car 
panion. Comprising United States '..eights and 
Measures. Mensuration of Superfices, and Solids, 
Tables of Squares and Cubes, Square and Cube 
Roots, Circumference and Areas of Circles, the Me- 
chanical Powers, Centres of Gravity, Gravitation of 
Bodies, Pendulums, Specific Gravity of Bodies, 
Strength, Weight, and Crush of Materials, Water- 
Wheels, Hydrostatics, Hydraulics, Statics, Centres of 
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Percussion and Gyration, Friction Heat, Tables of 
the Weight of Metals, Scantling, etc. Steam and 
the Steam- Engine. i6mo, full morocco i 50 

SCHELLEN (Dr. H.) Magneto- Electric and Dynamo- 
Electric Machines: their Construction and Practical 
Application to Electric Lighting, and the Trans- 
mission of Power. Translated from the third German 
edition by N. S. Keith and Percy Neymann, Ph.D. 
With very large additions and notes relating to 
American Machines, by N. S. Keith. Vol. 1, with 
353 illustrations 5 00 

SHIELDS (J. E.) Notes on Engineering Construction. 
Embracing Discussions of the Principles involved, 
and Descriptions of the Material employed in Tun- 
nelling, Bridging, Canal and Road Building, etc. 
i2mo, cloth 1 50 

SHREVE (S. H.) A Treatise on the Strength of Bridges 
and Roofs. Comprising the determination of Alge- 
braic formulas for strains in Horizontal, Inclined or 
Rafter, Triangular, Bowstring, Lenticular, and other 
Trusses, from fixed and moving loads, with practical 
applications* and examples, for the use of Students 
and Engineers. 87 woodcut illustrations. 8vo, cloth. 3 50 

SHUNK (W. F.) The Field Engineer. A Handy Book 
cf Practice in the Survey, Location, and Truck-work 
of Railroads, containing a large collection of Rules 
and Tables, original and selected, applicable to both 
the Standard and Narrow Gauge, and prepared with 
special reference to the wants of the young Engineer. 
Ninth edition. Revised and Enlarged. i2mo, mo- 
rocco^ lucks. .... • .« ..•■>••••••••>.••••.•••••.•••, 2 40 

SIMMS (F. W.) A Treatise on the Principles and Prac- 
tice of Levelling. Showing its application to pur- 
poses of Railway Engineering, and the Construction 
of Roads, etc. Revised and corrected, with the addi- 
tion of Mr. Laws' Practical Examples for setting out 
Railway Curves, l'lustrated. 8vo, cloth 250 

Practical Tunnelling. Explaining in detail Setting- 
out of the Work, Shaft-sinking, Sub-excavating, Tim- 
bering, etc., with cost of work. 8vo, cloth 750 



20 D. VAN NOSTRAND COMPANY S 

. ^ 

SLATER (J. W.) Sewage Treatment, Purification, and 
Utilization. A Practical Manual for the Use of Cor- 

F orations, Local Boards, Medical Officers «»f Health, 
nspectors of Nuisances, Chemists, Manufacturers, 
Riparian Owners, Engineers, and Rate-payers. 12010, 
cloth 2 35 

SMITH (ISAAC W.. C.E.) The Theory of Deflections 
and of Latitudes and Departures. With special 
applications to Curvilinear Surveys, for Alignments 
of Railway Tracks. Illustrated. i6mo, morocco, 
tucks . . 3 00 



(GUSTAVUSW.) Notes on Life Insurance. The- 



oretical and Practical. Third edition. Revised and 
enlarged. 8vo, cloth 2 00 

STAHL (A. W.) and WOODS (A. T.) Elementary 
Mechanism. A Text-book for Students of Mechanical 
Engineering. i2mo, cloth 2 00 

STALEY(CADY)and PIERSON (GEO. S.) The Sep- 
arate System of Sewerage : its Theory and Construc- 
tion. 8vo, cloth. With maps, plates, and numerous 
illustrations. 8vo, cloth 3 00 

STEVENSON (DAVID, F.R.S.N.) The Principles and 
Practice of Canal and River Engineering. Revised 
by his sons David Alan Stevenson, B.Sc, F.R.S.E., 
and Charles Alexander Stevenson, B.Sc, F.R.S.E., 
Civil Engineer. 8vo, cloth 10 00 

. The Design and Construction of Harbors. A 

Treatise on Maritime Engineering. 8vo, cloth woo 

STILES (AMOS). Tables for Field Engineers. De- 
signed for use in the field. Tables containing all the 
functions of a one degree curve, from which a corre- 
sponding one can be found for any required degree. 
Also, Tables of Natural Sines and Tangents. i2mo, 
morocco, tucks 20c 

STILLMAN (PAUL). Steam-Engine Indicator and the 
Improved Manometer Steam and Vacuum Gauges; 
their Utility and Application. i2mo, flexible cloth... 1 00 

STONEY (B. D.) The Theory of Stresses in Girders and 
Similar Structures. With observations on the appli- 
cation of Theory to Practice, and Tables of Strength, 
and other properties of Materials. 8vo, cloth 12 50 
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STUART (B.) How to become a Successful Engineer. 
Being Hints to Youths intending to adopt the Pro- 
fession. Sixth edition. 12 mo, boards 50 

(C. B.) C.E. Lives and Works of Civil and Mili- 
tary Engineers of America. With 10 steel-plate 
engravings. 8vo. cloth 50a 

SWEET (S. H.) Special Report on Coal, showing its 
Distribution. Classification, and Costs delivered over 
different routes to various points in the State of New 
York and the principal cities on s the Atlantic Coast. 
With maps. 8vo, cloth 300 

SWINTON (ALAN A. CAMPBELL). The Elementary 
Principle of Electric Lighting. Illustrated. 12010, 
cloth 60 

SWINBURNE (J.) Practical Electrical Measurement. 

With 55 illustrations. 8vo, cloth 1 75 

TEMPLETON (WM.) The Practical Mechanic's Work- 
shop Companion. Comprising a great variety of. the 
most useful rules and formulae ia Mechanical Science, 
with numerous tables of practical data and calculated 
results facilitating mechanical operations. Revised 
and enlarged by W. S. Hutton. i2mo, morocco 2 00 

THOM (C.)and JONES (W. E.) Telegraphic Connections 
embracing recent methods in Quadruplex Telegraphy. 
Illustrated. 8vo, cloth 150 

THOMPSON (EDWARD P.) How to make Inventions; 
or, Inventing as a Science and an Art. A Practical 
Guide for Inventors. 8vo, paper 1 00 

TREVERT (E.) Electricity and its Recent Applications. 
A Practical Treatise for Students and Amateurs, with 
an Illustrated Dictionary of Electrical Terms and 
Phrases. Illustrated. i2mo, cloth 200 

rUCKER (Dr. J. H.) A Manual of Sugar Analysis, in- 
cluding the Applications in General of Analytical 
Methods to the Sugar Industry. With an Introduc- 
tion on the Chemistry of Cane Sugar, Dextrose, Lev- 
ulose, and Milk Sugar. 8vo, cloth, illustrated 3 50 

rUMLIRZ (Dr. O.) Potential and its Application to 
the Explanation of Electric Phenomena, Popularly 
Treated. Translated from the German by D. Robert- 
son. 111. i2mo, cloth 125 

YUNNER (P. A.) Treatise on Roll-Turning for the 
Manufacture of Iron. Translated and adapted by 
John B. Pearse, of the Pennsylvania Steel Works, 
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with numerous engravings, woodcuts. 8vo, cloth, 
with folio atlas of plates 10 oo 

URQUHART (J. W.) Electric Light Fitting. Embody- 
ing Practical Notes on Installation Management. A 
Hand-book for Working Electrical Engineers — with 
numerous illustrations. 121110, cloth ^ 200 

Electro-Plating. A Practical Hand-book on the 

Deposition of Copper, Silver, Nickel, Gold, Brass, 
Aluminium, Platinum, etc. nmo 200 

Electro Typing. A Practical Manual, forming a 

New and Systematic Guide to the Reproduction and 
Multiplication of Printing Surfaces, etc. i2mo 200 

Dynamo Construction : a Practical Hand-book for 

the Use of Engineer Constructors and Electricians in 
Charge, embracing Framework Building, Field Mag- 
net and Armature Winding and Grouping, Com- 
pounding, etc., with Examples of Leading English, 
American, and Continental Dynamos and Motors, 
with numerous illustrations. i2mo, cloth 3 00 

UNIVERSAL /The) TELEGRAPH CIPHER CODE. 

Arranged fo: General Correspondence. i2mo, cloth.. : 00 

VAN NOSTRAND'S TABLE-BOOK. For Civil and 

Mechanical Engineers. i8mo, half morocco 100 

VAN WAGENEN (T. F.) Manual of Hydraulic Mining. 

For the Use of the Practical Miner. i8mo, cloth 100 

WALKER (W. H J Screw Propulsion. Notes on Screw 

Propulsion, its Rise and H istory. 8vo, cloth 75 

WANKLYN (J. A.) A Practical Treatise on the Exam- 
ination of Milk and its Derivatives, Cream, Butter, 
and Cheese. i2ino, cloth 1 o<x 

Water Analysis. A Practical Treatise on the Ex- 
amination of Potable Water. Seventh edition. i2mo, 
cloth 200 

IVARD (J. H.) Steam for the Million. A Popular 
Treatise on Steam, and its application to the Useful 
Arts, especially to Navigation. 8vo, cloth 100 

IVARING <GEO. E.. Jr.) Sewerage and Land Drainage. 
Large Quarto. Illustrated with wood-cuts in the text, 
and full-page and folding plates. Cloth •.. 600 
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WATT (ALEXANDER). Electro-Deposition. A Prac- 
tical Treatise on the Electrolysis of Gold, Silver, 
Copper, Nickel, and other Metals, with Descriptions 
of Voltaic Batteries. Magneto and Dynamo-Electric 
Machines, Thermopiles, and of the Materials and 
Processes used in every Department of the Art, and 
several chapters on Electro-Metallurgy. With num- 
erous illustrations. Third edition, revised and cor- 
rected. Crown 8vo, 568 pages 3 54 

Electro- Metallurgy Practically Treated. 121110, 

cloth 1 00 

WEALE (JOHN). A Dictionary of Terms Used in 
Architecture Building, Engineering, Mining, Metal- 
lurgy, Archaeology, the Fine Arts, etc., with explana- 
tory observacions connected with applied Science 
and Art. i2mo, cloth 2 50 

WEBB (HERBERT LAWS). A Practical Guide to the 
Testing of Insulated Wires and Cables. Illustrated. 
i2mo, cloth .#..... 1 00 

tVEISBACH (JULIUS). A Manual of Theoretical Me- 
chanics. Translated from the fourth augmented and 
improved German edition, with an Introduction to 
the Calculus by Eckley B. Coxe, A.M., Mining Engi- 
neer. 1100 pages, and 902 woodcut illustrations. 

8vo, cloth 1000 

Sheep 11 00 

WEYRAUCH (J. J.) Strength and Calculations of Di- 
mensions of Iron and Steel Construction, with refer- 
ence to the Latest Experiments. 12010, cloth, plates.. 1 00 

WHIPPLE (S., C.E.) An Elementary and Practical 

Treatise on Bridge Building. 8vo, cloth 40c 

WILLIAMSON (R. S.) On the Use of the Barometer on 
Surveys and Reconnoissances. Part I. Meteorology 
in its Connection with Hypsometry. Part II. 
Barometric Hypsometry. With Illustrative tables 
and engravings. 4to, cloth 1500 

Practical Tables in Meteorology and Hjpsometry, 

in connection with the use of the Barometer. 4to, 
cloth 250 

WRIGHT (T. W., Prof.) A Treatise on the Adjustment 
of Observations. With applications to Geodetic 
Work, and other Measures of Precision. 8vo, cloth. . . 4 00 

A Text-book of Mechanics for Colleges and Tech- 
nical Schools. i2mo, cloth 250 



